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SUMMARY 
An i n v e s t i g a t i o n  has been conducted i n  the  Langley 16-Foot Transonic Tunnel t o  
determine t h e  e f f e c t s  of s e v e r a l  empennage and af te rbody parameters on the af t -end 
aerodynamic c h a r a c t e r i s t i c s  of a twin-engine f igh te r - type  conf igura t ion .  Model v a r i -  
a b l e s  w e r e  as follows: h o r i z o n t a l  t a i l  a x i a l  l o c a t i o n  and incidence,  v e r t i c a l  t a i l  
a x i a l  l oca t ion  and conf igu ra t ion  (twin- versus  s i n g l e - t a i l  arrangements),  t a i l  booms, 
and nozzle  power s e t t i n g .  Tests w e r e  conducted over a Mach number range from 0.6 
t o  1.2 and over  an angle-of-at tack range from - 2 O  to  lo0 .  Je t  to t a l -p re s su re  r a t io  
w a s  var ied  from j e t  o f f  t o  approximately 10.0. 
Resul t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t a i l  i n t e r f e r e n c e  e f f e c t s  w e r e  pres- 
e n t  throughout t he  range of Mach number t e s t e d  and provided a s i g n i f i c a n t  percentage 
of t o t a l  aft-end drag  i n  the  t r anson ic  speed range. Few gene ra l  s ta tements  could be 
made concerning t h e  e f f e c t s  of empennage location v a r i a b l e s  on aft-end l i f t  and drag,  
as these  e f f e c t s  w e r e  gene ra l ly  dependent on Mach number, angle  of a t t a c k ,  and con- 
f i g u r a t i o n  v a r i a b l e s  such as nozzle power s e t t i n g ,  t a i l  booms, and v e r t i c a l  t a i l  
conf igura t ion  ( s i n g l e  versus  twin v e r t i c a l  t a i l s )  . 
INTRODUCTION 
Much a t t e n t i o n  has been given i n  r ecen t  years  to  the  proper i n t e g r a t i o n  of t h e  
propuls ion  system i n t o  t h e  a i r f rames  of highly maneuverable f igh ter - type  configura-  
t i ons .  This is e s p e c i a l l y  t r u e  f o r  multimission a i r c r a f t ,  which must be capable  of 
ope ra t ing  over a broad range of Mach number, a l t i t u d e ,  and angle  of a t t ack .  These 
multimission a i r c r a f t  t y p i c a l l y  r equ i r e  a variable-geometry nozzle t o  provide h igh  
nozzle  i n t e r n a l  ( t h r u s t )  performance over t he  range of ope ra t ing  Mach numbers and 
engine pressure  r a t i o s .  In  a d d i t i o n  t o  i n t e r n a l  performance, nozzle geometry is  a l s o  
important  because it a f f e c t s  t he  aft-end shape, the r a t io  of nozzle e x i t  area t o  
maximum a i r p l a n e  c ros s - sec t iona l  a r ea ,  and l o c a l  b o a t t a i l  angles ,  which i n  t u r n  
a f f e c t  t h e  drag  performance of the airframe-nozzle i n s t a l l a t i o n .  Many s t u d i e s  have 
been conducted t h a t  show l a r g e  drag  p e n a l t i e s  can r e s u l t  from the i n s t a l l a t i o n  of 
i s o l a t e d  nozzles  i n t o  a real is t ic  a f t  end, and t h a t  t hese  p e n a l t i e s  are gene ra l ly  
more s i g n i f i c a n t  f o r  t he  c r u i s e  (or closed-down) nozzle  conf igura t ion  than f o r  t h e  
a f t e rbu rn ing  nozzle  conf igura t ion .  (See r e f s .  1 t o  14.) In  add i t ion ,  s i g n i f i c a n t  
adverse i n t e r a c t i o n s  o r i g i n a t i n g  from empennage su r faces ,  base areas, a c t u a t o r  f a i r -  
i ngs ,  and t a i l  booms have been found t o  occur and are repor ted  i n  re ferences  15 
t o  19. These i n t e r a c t i o n s  can a l ter  the  a f te rbody p res su re  d i s t r i b u t i o n s  and cause 
flow sepa ra t ion  on both s ing le -  and twin-engine i n s t a l l a t i o n s .  The twin-engine 
i n s t a l l a t i o n s  are f u r t h e r  complicated by the  complexity of the  flow f i e l d ,  e s p e c i a l l y  
i n  t h e  region between t h e  engines.  
As a r e s u l t  of the complex i n t e r a c t i o n s  a s soc ia t ed  with af terbody/nozzle  i n t e -  
g r a t i o n  and their poss ib l e  l a r g e  impact on a i r c r a f t  l i f t  and drag c h a r a c t e r i s t i c s ,  
an  i n v e s t i g a t i o n  to  determine t h e  e f f e c t s  of empennage l o c a t i o n  on twin-engine 
af terbody/nozzle  l i f t  and drag  has been conducted i n  the  Langley 16-Foot Transonic 
Wind Tunnel. Model geometric v a r i a b l e s  w e r e  as follows: ho r i zon ta l  t a i l  a x i a l  loca- 
t i o n  and incidence,  v e r t i c a l  t a i l  a x i a l  l oca t ion  and conf igu ra t ion  (twin- versus  
s i n g l e - t a i l  arrangements) ,  t a i l  boom presence,  and nozzle  power s e t t i n g  (d ry  p o w e r  
versus  a f t e rbu rn ing  power). The o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  w e r e  t o  provide a 
parametric d a t a  base on the e f f e c t s  of empennage l o c a t i o n  on twin-engine aft-end 
drag,  i nd iv idua l  aft-end component drag,  and t a i l  i n t e r f e r e n c e  drag  increments.  
SYMBOLS AND ABBREVIATIONS 
A l l  f o r c e s  and moments are referenced  to  the s t a b i l i t y  axis system. The moment 
r e fe rence  c e n t e r  w a s  loca ted  4.45 c m  above the  model c e n t e r l i n e  a t  fuse lage  
s t a t i o n  1 04 . 24. 
A c ros s - sec t iona l  area of model fuse lage ,  c m  2 
Af us 
Amax 
maximum c ross - sec t iona l  area of i n t e r n a l  nozzle  a t  the  nozzle  e x i t ,  
f o r  dry p o w e r  nozzles  and 120.8 c m 2  f o r  A/B nozzles  (see 2 42.6 c m  
f i g .  2 ( b ) )  
Aan 
2 maximum c ross - sec t iona l  area of model fuse l age ,  317.0 c m  
maximum c ross - sec t iona l  area of model wing-fuselage combination, 
475.1 c m 2  
AO 
Aseal 
cD 
‘D,n 
‘D, t a i  Is 
D, i a  E 
D, i n  E 
D , i t  
E 
cL 
‘m 
P 
C 
2 
2 to ta l  i n t e r n a l  area of outer nozzle  e x i t  opening, 49.0 c m  f o r  dry  
p o w e r  nozzles  and 135.9 c m 2  for  A/B nozzles  (see f i g .  2 ( b ) )  
2 c ros s - sec t iona l  area enclosed by metric-break seal, 297.2 c m  
t o t a l  aft-end drag c o e f f i c i e n t ,  D/qmS 
af te rbody drag c o e f f i c i e n t ,  Da/qmS 
nozzle  drag c o e f f i c i e n t ,  D,/q,S 
Dtai ls/qmS t a i l  drag c o e f f i c i e n t ,  
increment i n  afterbody-empennage in te r fe rence-drag  c o e f f i c i e n t  (see 
eq. (6)) 
increment i n  nozzle-empennage in te r fe rence-drag  c o e f f i c i e n t  (see 
eq. ( 5 ) )  
increment i n  t o t a l  aft-end empennage in te r fe rence-drag  c o e f f i c i e n t  (see 
eq. ( 4 ) )  
t o t a l  aft-end l i f t  c o e f f i c i e n t ,  L/qcoS 
t o t a l  a f  t-end pitching-moment c o e f f i c i e n t ,  m/qmSc 
pressure c o e f f i c i e n t ,  ( p  - p,)/q, 
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- 
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D 
Da 
Dba l  
Dn 
Dtai  1s 
I dmax 
d t h  
L 
M 
m 
- 
NRe 
P 
r 
S 
maX 
1 T 
chord length ,  c m  
support-system-wing mean geometric chord, 44.4 c m  
af t -end drag, N 
a f te rbody drag,  N 
t o t a l  af t -end drag  measured by balance, N 
nozzle  drag,  N 
t a i l  drag, N 
maximum diameter  a t  nozzle connect l oca t ion ,  9.86 cm 
nozzle  t h r o a t  diameter ,  cm 
t o t a l  af t -end l i f t ,  N 
model length  from nose t o  nozzle e x i t ,  174.74 c m  f o r  dry power nozzle 
and 174.96 c m  f o r  A/B nozzle 
Mach number 
- 
t o t a l  a f te rbody p i t c h i n g  moment re ferenced  t o  c /4  i n  support-system- 
wing chord plane, N-m 
Reynolds number 
l o c a l  s t a t i c  pressure ,  Pa 
l o c a l  p re s su re  a t  nozzle annular c learance  gap, Pa ( s e e  f i g .  2 ( b ) )  
local s ta t ic  p res su re  e x t e r n a l  t o  metric-break s e a l ,  Pa (see f i g .  2 ( b ) )  
local i n t e r n a l  s ta t ic  pressure, Pa ( s e e  f i g .  2 ( b ) )  
j e t  t o t a l  p re s su re ,  Pa 
f ree-s t ream t o t a l  p ressure ,  Pa 
free-s t ream s t a t i c  pressure ,  Pa 
f ree-s t ream dynamic pressure ,  Pa 
r a d i u s ,  c m  
maximum r a d i u s  a t  nozzle connect s t a t i o n ,  d /2 
max 
2 support-system-wing r e fe rence  a rea ,  4286 c m  
temperature,  K 
3 
T free-s t ream to t a l  temperature, K 
t a i r f  o i  1 th ickness ,  c m  
X ax ia l  d i s t a n c e  from model nose, c m  
U af te rbody angle  of a t t a c k ,  deg 
U nominal angle  of a t t a c k ,  deg 
'h 
4 meridian angle  about nozzle axis (see f i g .  2 ( e ) )  
%e 
Abbreviations : 
A/B a f  t e rbu rn ing  
BL buttock l i n e  
FS fuse lage  s t a t i o n  
LH l e f t  hand 
RH r i g h t  hand 
Sta .  tunnel  s t a t i o n  
WL water l i n e  
t, a, 
nom 
h o r i z o n t a l  t a i l  inc idence  angle  ( p o s i t i v e  with lead ing  
sweep angle  a t  lead ing  edge, deg 
edge up) I 
APPARATUS AND PROCEDURE 
T e s t  F a c i l i t y  
The i n v e s t i g a t i o n  was conducted i n  the  Langley 16-Foot Transonic Tunnel. The 
f a c i l i t y ,  shown schemat ica l ly  i n  f i g u r e  1 ,  i s  a continuous-flow, s ing le - r e tu rn ,  atmo- 
sphe r i c  wind tunnel  with a s l o t t e d  octagonal  t h r o a t  and t e s t  s e c t i o n  and continuous 
a i r  exchange. The tunnel  has a variable-speed range from M = 0.2 t o  M = 1.3. A 
complete d e s c r i p t i o n  of t h i s  f a c i l i t y  and i t s  c a l i b r a t i o n  i s  presented i n  
r e fe rence  20. 
Model and Support-System Descr ip t ion  
Details of t he  twin-engine t a i l  i n t e r f e r e n c e  af terbody model and wing-tip- 
mounted support  system used i n  t h i s  i n v e s t i g a t i o n  are presented  i n  f i g u r e  2, and 
photographs of t he  model and support  system i n s t a l l e d  i n  t h e  Langley 16-Foot 
Transonic Tunnel are shown i n  f i g u r e  3. 
The wing-tip-mounted model suppor t  system shown i n  f i g u r e  2 ( a )  cons i s t ed  of 
t h r e e  major por t ions :  t he  twin suppor t  booms, t he  forebody (nose),  and t h e  wing and 
centerbody. These p ieces  made up the  nonmetric po r t ion  ( t h a t  po r t ion  n o t  mounted on 
4 
f o r c e  balance) of t h e  twin-engine t a i l  i n t e r f e r e n c e  model. The centerbody fuse l age  
w a s  e s s e n t i a l l y  r ec t angu la r  i n  c r o s s  s e c t i o n ,  with a c o n s t a n t  width and h e i g h t  of 
25.40 c m  and 12.70 c m .  The fou r  corners  w e r e  rounded by a r ad ius  of 2.54 c m ,  The 
m a x i m u m  c ros s - sec t iona l  area of the  centerbody ( fuse l age )  w a s  317.04 c m  . The 
support-system forebody w a s  t y p i c a l  of a powered-model forebody i n  t h a t  t he  i n l e t s  
w e r e  f a i r e d .  The "wings" of t he  support  system w e r e  mounted above t h e  model c e n t e r -  
l i n e  i n  a "high-wing" p o s i t i o n ,  which i s  t y p i c a l  of many c u r r e n t  f i g h t e r  designs.  
The support-system wing had a leading-edge sweep of 45O, a taper r a t i o  of 0.5, an 
a s p e c t  r a t i o  of 2.4, and a cranked t r a i l i n g  edge. The a i r f o i l  w a s  symmetrical, and 
the thickness  r a t i o s  near t he  wing-fuselage junc t ion  a t  BL 12.70 w e r e  r ea l i s t i c  
( t / c  = 0.067). From BL 27.94 t o  t h e  support  booms, however, wing thickness  r a t i o  
increased from 0.077 t o  0.10. This i n c r e a s e  provided s t r u c t u r a l  support  f o r  t h e  
model and permit ted t h e  t r a n s f e r  of compressed a i r  from the  booms t o  the model 
propuls ion system. 
2 
The wing-tip support  system w a s  designed t o  provide a minimum l e v e l  of support  
i n t e r f e r e n c e ,  y e t  provide a more r ea l i s t i c  a i r c r a f t  flow f i e l d  f o r  t h e  af terbody 
than would be produced by a blade-mounted support  system. Although no support-  
i n t e r f e r e n c e  tes ts  have been conducted, support- interference r e s u l t s  on a s i m i l a r  
wing-tip support  system ( r e f .  21 1 i n d i c a t e  t h a t  r e l a t i v e l y  low l e v e l s  of i n t e r f e r e n c e  
e x i s t  compared with o the r  propuls ion support  systems. The r e s u l t s  presented i n  re f -  
erence 21 a l s o  i n d i c a t e  t h a t  t h e  l i f t  and drag increments between var ious einpennage 
parameters i n v e s t i g a t e d  should be e s s e n t i a l l y  unaffected by support  i n t e r f e r e n c e .  
The twin-engine af terbody shown i n  f i g u r e  2 (b )  w a s  a t t ached  t o  the  support-  
system wing and centerbody by mounting on a six-component s t ra in-gage balance.  The 
combined fo rces  and moments f o r  t he  afterbody s h e l l ,  empennage su r faces  and t a i l  
booms (when p r e s e n t ) ,  and ou te r  nozzles w e r e  measured by t h e  balance and are r e f e r r e d  
t o  as t o t a l  aft-end fo rces  and moments i n  t h i s  paper. The model propulsion system 
( t h r u s t )  f o r c e s  and moments w e r e  n o t  measured by the  balance.  The propuls ion system 
w a s  grounded t o  the  model support  system, and c l ea rance  w a s  provided between t h e  
metric and nonmetric po r t ions  of t he  model. The af terbody l i n e s  w e r e  chosen t o  be 
t y p i c a l  of c u r r e n t  c l o s e l y  spaced twin-engine f i g h t e r  designs and t o  f a i r  the a f t e r -  
body smoothly from the cons t an t  c r o s s  s e c t i o n  of t he  centerbody down t o  the  nozzles .  
In  add i t ion ,  t he  af terbody w a s  required t o  house the af terbody balance, model propul- 
s i o n  s imulat ion system, and r e l a t e d  instrumentat ion.  
Sketches of t he  axisymmetric nozzles t e s t e d  are shown i n  f i g u r e s  2 ( c )  and 2 ( d ) .  
The two nozzle conf igu ra t ions  r ep resen t  d ry  ( o r  c r u i s e )  and maximum a f t e r b u r n i n g  
power s e t t i n g s  of a convergent-divergent nozzle design with f u l l y  v a r i a b l e  t h r o a t -  
area and expansion-rat io  con t ro l .  The nozzles w e r e  s i z e d  c o n s i s t e n t  with advanced 
mixed-flow turbine-engine cyc le s  ( r e f .  2 2 ) .  As shown i n  the  sketches,  t he  nozzles 
cons i s t ed  of an inner-  and an outer-nozzle model p a r t .  The inne r  nozzle a t t ached  t o  
t h e  model propuls ion system, and the  ou te r  nozzle a t t ached  d i r e c t l y  t o  t h e  afterbody. 
The inne r  and o u t e r  nozzles w e r e  separated by a nominal 0.19-cm gap t o  prevent  fou l -  
i n g  (or  grounding) between t h e  m e t r i c  a f t  end and t h e  nonmetric i n t e r n a l  propuls ion 
system. Figure 2 ( e )  is  a sketch of the o r i e n t a t i o n  of t h e  nozzle p re s su re  
instrumentat ion.  
A s  s t a t e d  previously,  t h e  primary o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  w a s  t o  de t e r -  
mine the  e f f e c t s  of empennage s u r f a c e  loca t ion  on t h e  t o t a l  aft-end aerodynamic char- 
acteristics. The basic af terbody (booms o f f )  had p rov i s ions  f o r  mounting t h e  twin 
v e r t i c a l  t a i l s  and t h e  h o r i z o n t a l  t a i l s  i n  t h r e e  ax ia l  l oca t ions .  (See f i g .  2 ( f ) . )  
N o t e  t h a t  t h e  leading edge of t he  r o o t  chords f o r  t he  h o r i z o n t a l  and v e r t i c a l  t a i l s  
could be loca ted  a t  FS 127.00, FS 136.68, and FS 145.57. Addition of t h e  t a i l  booms 
5 
. .. 
moved the  empennage surfaces outboard. (See f i g .  2 ( g ) . )  The booms a l s o  had 
provis ions  f o r  mounting the  twin v e r t i c a l  t a i l s  a t  t h r e e  a x i a l  l oca t ions .  The f o r -  
ward and mid l o c a t i o n s  on t h e  booms (FS 136.68 and FS 145.57) w e r e  t h e  s a m e  as the  
mid and a f t  l oca t ions  on the  b a s i c  af terbody.  Placement of t he  h o r i z o n t a l  t a i l s  on 
t h e  booms w a s  l imi t ed  t o  two a x i a l  p o s i t i o n s  (FS 145.57 and FS 155.50). The s i n g l e  
v e r t i c a l  t a i l ,  which w a s  loca ted  on the  model c e n t e r l i n e ,  also had the  c a p a b i l i t y  of 
be ing  mounted i n  t w o  a x i a l  l oca t ions .  (See f i g .  2 ( h ) . )  
Sketches of t he  v e r t i c a l  and ho r i zon ta l  t a i l  su r faces  and t a i l  booms are shown 
i n  f i g u r e s  2 ( i )  t o  2(1). These t a i l  su r faces  and booms w e r e  s i z e d  t o  be representa-  
t i v e  (as w e r e  t he  a f te rbody and nozz les )  of c u r r e n t  twin-engine f i g h t e r - a i r c r a f t  
designs.  As i nd ica t ed  i n  each of t he  t a i l  sketches,  i n d i v i d u a l  r o o t  f a i r i n g s  ( f i l -  
lers) contoured the  t a i l s  t o  the  a f te rbody a t  each t a i l  loca t ion .  
Normal c ros s - sec t iona l  a r ea  d i s t r i b u t i o n s  f o r  var ious  conf igu ra t ions  are pre- 
sen ted  i n  f i g u r e  4. The area d i s t r i b u t i o n s  are provided f o r  t he  var ious i n d i v i d u a l  
components. For example, t h e  d i s t r i b u t i o n  f o r  twin v e r t i c a l  t a i l  l o c a t i o n  is  shown 
i n  f i g u r e  4 ( a ) ,  and the  d i s t r i b u t i o n  f o r  h o r i z o n t a l  t a i l  l o c a t i o n  is shown i n  
f i g u r e  4 ( b ) .  To determine the  area d i s t r i b u t i o n  of a complete conf igura t ion  (e.g., 
forward twin v e r t i c a l  t a i l s  and a f t  ho r i zon ta l  t a i l s ) ,  a r e a  increments a t  t h e i r  
r e spec t ive  x / i  l o c a t i o n s  f o r  t he  ind iv idua l  components must  be added t o  the  bas ic  
wing-fuselage a rea  d i s t r i b u t i o n .  
In s  trume n t a t i on 
Externa l  aerodynamic fo rces  and moments on the  model a f t  end ( inc lud ing  empen- 
nage sur faces  and ou te r  nozz les )  were measured with a six-component s t ra in-gage ba l -  
ance. Forces and moments on the  propuls ion s imula t ion  system were not  measured. 
Eight ex te rna l - sea l  s t a t i c - p r e s s u r e  o r i f i c e s  pes w e r e  loca ted  i n  the  a r e a  of 
t h e  metric-break gap between the  centerbody and af terbody.  (See f i g .  2 ( b )  .) Also, 
two in t e rna l -p re s su re  o r i f i c e s  pin loca ted  i n  the  annular  gap between t h e  inne r  and 
o u t e r  nozzles  were used t o  measure i n t e r n a l  p re s su res  i n  the  model. These p res su res ,  
along with corresponding areas, w e r e  used t o  c o r r e c t  t he  balance measurements. 
Each i n t e r n a l  nozzle  was instrumented with two total-pressure-probe rakes 
loca ted  180° a p a r t  and s taggered t o  prevent  apprec iab le  flow blockage. Each rake 
contained two to t a l -p re s su re  probes. (See f i g s .  2 ( c )  and 2 ( d )  .) An a d d i t i o n a l  probe 
w a s  loca ted  i n  each nozzle  and contained a thermocouple f o r  the  measurement of t o t a l  
temperature. 
Each ou te r  nozzle had th ree  rows of e x t e r n a l  p re s su re  o r i f i c e s  (with f i v e  pres-  
su re  o r i f i c e s  i n  each row) f o r  t he  measurement of e x t e r n a l  p re s su re  d i s t r i b u t i o n  on 
t h e  nozzles.  Tables showing t h e  30 o r i f i c e  l o c a t i o n s  on each pair of nozzles  a r e  
included i n  f i g u r e s  2 ( c )  and 2 ( d ) .  These s t a t i c - p r e s s u r e  measurements were used i n  a 
pressure-area i n t e g r a t i o n  over t he  nozzle su r face  t o  ob ta in  nozzle  p re s su re  drag. 
Tests  
D a t a  were obtained i n  the  Langley 16-Foot Transonic Tunnel a t  Mach numbers from 
0.6 t o  1.2. Angle of a t t a c k  w a s  var ied  from - 2 O  t o  l o o ,  and the  nozzle p re s su re  
r a t i o  ( r a t i o  of j e t  t o t a l  pressure  t o  free-stream s t a t i c  p res su re )  ranged from 1.0 
( j e t  o f f )  t o  approximately 10.0. Typical v a r i a t i o n s  of f ree-s t ream tunnel  parameters  
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with  Mach number observed dur ing  t h i s  i n v e s t i g a t i o n  are shown i n  f i g u r e  5. N o  
t e s t i n g  w a s  conducted between Mach numbers of 0.95 and 1.15 because of p o t e n t i a l  
blockage and shock r e f l e c t i o n  problems. A l l  con f igu ra t ions  were t e s t e d  with f ixed  
boundary-layer t r a n s i t i o n  strips on the  model nose and wings and on the  a f te rbody 
empennage sur faces .  A 0.254-cm-wide s t r i p  of No.  120 carborundum g r i t  w a s  loca ted  
5.08 c m  from the  nose of t he  forebody and along t h e  wing span a t  5 percent  of t h e  
r o o t  chord and 10 percent  of the t i p  chord. T rans i t i on  s t r i p s ,  0.254 c m  wide, of 
No.  120 s i l i c o n  carb ide  g r i t  were loca ted  1.27 c m  from the  leading  edge of the  v e r t i -  
c a l  and h o r i z o n t a l  tai ls .  The procedure used f o r  s e l e c t i n g  g r i t  s i ze  and l o c a t i o n  is 
descr ibed i n  r e fe rence  23. 
D a t a  Acquis i t ion and Procedure 
D a t a  f o r  both model and wind-tunnel t es t  ins t rumenta t ion  w e r e  recorded on mag- 
n e t i c  tape .  A t  each t es t  p o i n t ,  50 samples of d a t a  w e r e  recorded over a 5-second 
per iod.  The samples w e r e  averaged, and the  averaged values  w e r e  used f o r  a l l  
computations. 
To ta l  af t -end drag  was measured d i r e c t l y  from the  six-component s t ra in-gage 
balance, bu t  w a s  co r rec t ed  f o r  var ious  pressure-area t e r m s .  Tota l  aft-end drag w a s  
computed from t h e  fol lowing equation: 
- A )  - - (Pes - pm)(A f us - A s e a l  - (Pin (Aseal 0 D = D  b a l  
The f i r s t  two pressure-area t e r m s  c o r r e c t  f o r  fo rces  f e l t  on the  balance t e r m  
Dbal. The las t  term i n  equat ion ( 1 )  is  an external-base pressure drag t h a t  i s  n o t  
a c t u a l l y  f e l t  by the  balance bu t  has been changed t o  af t -end drag throughout t h i s  
r epor t .  This w a s  done t o  p a r t i a l l y  account f o r  t h e  a d d i t i o n a l  nozzle b o a t t a i l  d rag  
t h a t  would have been measured had no c learance  between i n t e r n a l  and e x t e r n a l  nozzle 
p a r t s  been requi red .  
Nozzle drag D, w a s  obtained by adding nozzle  p re s su re  drag t o  a computed noz- 
z l e  s k i n - f r i c t i o n  drag. Nozzle pressure  drag w a s  determined by i n t e g r a t i o n  of nozzle  
p re s su re  d i s t r i b u t i o n s  over t he  nozzle su r face  area. Nozzle s k i n - f r i c t i o n  drag w a s  
computed using the method of Frank1 and Voishel f o r  compressible,  t u rbu len t  flow on a 
f l a t  p l a t e .  (See r e f .  24.) 
V e r t i c a l  and h o r i z o n t a l  t a i l  drag w a s  def ined  as t h e  sum of form drag  and skin-  
f r i c t i o n  drag  (M < 0.9) o r  wave drag and s k i n - f r i c t i o n  drag (M  > 1.0). Sk in - f r i c t ion  
d r a g  and wave drag  w e r e  computed using the  methods of r e fe rences  24 and 25. The 
subsonic form f a c t o r s  f o r  t he  t a i l s  w e r e  obtained from empir ica l  da t a  c o r r e l a t i o n s  of 
unpublished NASA d a t a  and w e r e  ca l cu la t ed  as follows: 
( 2 )  Form f a c t o r  = 1 + 1.44( t /c )  + 2 ( t / c )  2 
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The i n d i v i d u a l  r o o t  f a i r i n g s  required f o r  each t a i l  l o c a t i o n  w e r e  a l s o  included i n  
the  s k i n - f r i c t i o n  and wave-drag c a l c u l a t i o n s .  Using p rev ious ly  determined d rag  com- 
ponents,  af terbody drag Da w a s  obtained from t h e  fol lowing equation: 
D a = D -  Dn - Dta i l s  (3) 
The t a i l  i n t e r f e r e n c e  terms used i n  t h i s  r e p o r t  are c o n s i s t e n t  with those used 
i n  r e fe rence  15. The t o t a l  t a i l  i n t e r f e r e n c e  increment on t h e  a f t  end w a s  determined 
as follows: 
( 4 )  - - - &,,it ( c D ) t a i l s  on (‘D) t a i l s  o f f  ‘D, t a i l s  
where ( CD 1 tai 
(‘p’tails o f f  
t a l  Is removed; 
i n t e r f e r e n c e  e 
is  the  measured t o t a l  aft-end d rag  f o r  a given conf igu ra t ion ;  Is on 
i s  the  measured aft-end drag f o r  t he  same basic configurat ion with the  
and  tails is the  computed value of t a i l  drag. The empennage 
lffects on t h e  nozzles alone w e r e  found from t h e  following equation: 
&D, i n  (‘D,n t a i l s  on 1 (5) - (‘D,n t a i l s  o f f  1 - 
where the nozzle drags are i n t e g r a t e d  p res su re  d i s t r i b u t i o n s  over t he  nozzle s u r f a c e .  
This empennage i n t e r f e r e n c e  increment, then, i s  t h e  r e s u l t  of changes i n  nozzle 
p re s su re  d i s t r i b u t i o n  r e s u l t i n g  from adding empennage s u r f a c e s  t o  an afterbody- 
nozzle-boom configurat ion.  The empennage i n t e r f e r e n c e  increment on t h e  af terbody 
component w a s  then def ined i n  t h e  following equat ion as the d i f f e r e n c e  between t h e  
empennage i n t e r f e r e n c e  increments on t h e  t o t a l  a f t  end and t h e  nozzles: 
(6) - - &D, i a  - *‘D,it *‘D, i n  
Any i n t e r f e r e n c e  e f f e c t s  of one t a i l  su r face  on another  o r  of t he  afterbody/nozzle on 
the  t a i l s  are included i n  t h i s  af terbody i n t e r f e r e n c e  increment. In an e f f o r t  t o  
avoid e r r o r s  a s soc ia t ed  with computation of l i f t - i nduced  drag on the  h o r i z o n t a l  t a i l  
su r faces ,  af terbody,  and nozzles,  t hese  i n t e r f e r e n c e  t e r m s  w e r e  computed only a t  an 
ang le  of a t t a c k  of Oo. 
RESULTS AND DISCUSSION 
B a s i c  Data 
The basic da ta  obtained during t h i s  i n v e s t i g a t i o n  are presented i n  f i g u r e s  6 
t o  27 and are indexed i n  table I. The two types of d a t a  f i g u r e s ,  l i f t  c o e f f i c i e n t  
versus angle  of a t t a c k ,  drag c o e f f i c i e n t ,  and pitching-moment c o e f f i c i e n t  ( f i g s .  6 
t o  16) and drag c o e f f i c i e n t  versus j e t  t o t a l -p re s su re  r a t i o  ( f i g s .  17 t o  27) are 
presented t o  provide the complete parametric d a t a  base. The t o t a l  aft-end aerody- 
namic c h a r a c t e r i s t i c s  i n  f i g u r e s  6 t o  16 are presented a t  a j e t -o f f  ( p  ./pa = 1.0) 
c o e f f i c i e n t  va r i ed  s i g n i f i c a n t l y  with j e t  t o t a l -p re s su re  r a t i o .  The e f f e c t s  of j e t  
to t a l -p re s su re  r a t i o  on l i f t  and pitching-moment c h a r a c t e r i s t i c s  w e r e  n e g l i g i b l e  i n  
most cases. However, the t o t a l  aft-end l i f t - c o e f f i c i e n t  d a t a  of f i g u r e s  6 t o  16 
i n d i c a t e  nonl inear  t rends with inc reas ing  angle of a t t a c k ,  p a r t i c u l a r l y  a t  
when compared with l i f t - c o e f f i c i e n t  d a t a  t r ends  obtained from nonpropulsion, com- 
p l e t e l y  metric, aerodynamic models. This r e s u l t  i s  t y p i c a l  f o r  p a r t i a l l y  metric, 
cond i t ion  only, because examination of t he  e n t i r e  data set  showed t h a t  tll only drag 
M = 0.9, 
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af te rbody propuls ion model d a t a  (e.g., see r e f .  26) and is the  r e s u l t  of changing 
wing downwash c h a r a c t e r i s t i c s  on the  a f te rbody and empennage i n  the t r anson ic  speed 
range. 
The t o t a l  af t -end drag  c o e f f i c i e n t  as a func t ion  of j e t  to t a l -p re s su re  ra t io  is  
presented  i n  f i g u r e s  17 t o  27. Several  gene ra l  s ta tements  can be made about  t h e s e  
da t a .  Examination of the dry  p o w e r  nozzle d a t a  i n  f i g u r e s  17 t o  22 shows that f o r  
M < 0.95, j e t -o f f  to ta l  af t -end drag  c o e f f i c i e n t s  w e r e  h igher  i n  a l l  cases  than t h e  
je t -on da ta .  This w a s  u sua l ly  the  case f o r  t he  supersonic  da t a  a s  w e l l .  The va r i a -  
t i o n  of aft-end drag  c o e f f i c i e n t  with j e t  to t a l -p re s su re  ra t io  is  cha rac t e r i zed  by a 
s i g n i f i c a n t  reduct ion  i n  drag  as the  j e t  is i n i t i a l l y  turned on. A s  j e t  t o t a l -  
p re s su re  r a t i o  cont inued inc reas ing  t o  approximately 3.0, t o t a l  aft-end drag  gener- 
a l l y  increased.  Above ptlj/pm = 3.0, the drag  gene ra l ly  decreased with inc reas ing  
j e t  to t a l -p re s su re  ratio.  When t h e  j e t  is no t  i n  opera t ion ,  a l a rge  base region 
behind the nozzles  r e s u l t s .  The nozzle  b o a t t a i l  is being a s p i r a t e d  as the  e x t e r n a l  
flow expands i n t o  this base region. !Ibis expansion lowers the  nozzle b o a t t a i l  pres- 
su res  and r e s u l t s  i n  a drag  fo rce  on the  nozzle.  A t  t h e  i n i t i a l  opera t ion  of t he  
j e t ,  t h i s  base region i s  f i l l e d  by the  j e t  plume, and the extreme expansion flow 
f i e l d  is e l imina ted .  Af te r  i n i t i a l  opera t ion  of the je t ,  f u r t h e r  i nc reases  i n  j e t  
to t a l -p re s su re  r a t i o  cause the e x t e r n a l  flow f i e l d  t o  become ent ra ined  by t h e  j e t  
flow. This entrainment  decreases  b o a t t a i l  p re s su res  and, i n  tu rn ,  i nc reases  drag.  
Eventual ly ,  a p o i n t  i s  reached a t  which the  plume begins t o  en large  (usua l ly  near t he  
design nozzle  pressure r a t io ) .  This causes the  e x t e r n a l  flow on the  nozzles  t o  
d e c e l e r a t e  (and i n  t u r n  inc rease  p re s su res )  and r e s u l t s  i n  a drag reduct ion.  
The A/B power nozzle  d a t a  ( f i g s .  23 t o  271 e x h i b i t  some of the  same t r ends  wi th  
inc reas ing  nozzle pressure r a t i o  as the  dry p o w e r  nozzle  da ta .  For example, i n i t i a l  
j e t  opera t ion  was accompanied by a decrease i n  af t -end drag. However, as j e t  t o t a l  
p re s su re  w a s  increased,  t he  af t -end drag increased  f o r  some conf igura t ions  to  l e v e l s  
higher  than the  j e t -o f f  drag. 
and pt ./p, = 4.0 (because the A/B p o w e r  nozzle  design j e t  to t a l -p re s su re  ra t io  w a s  
h igher  &an t h a t  f o r  t h e  dry  p o w e r  nozzle)  and again tended t o  f a l l  o f f  as j e t  t o t a l -  
p re s su re  r a t i o  w a s  increased .  Overal l  reduct ions  i n  drag  due t o  j e t  opera t ion  w e r e  
considerably less f o r  t he  a f t e rbu rn ing  nozzle than f o r  t he  dry power nozzle cases, 
probably because of smaller a x i a l  p ro jec ted  area on t h e  A/B power nozzles .  
Aft-end drag values  peaked between pt,j/p,,, = 3.0 
Nozzle P r e s s u r e  D i s t r i b u t i o n s  
The e f f e c t s  of j e t  total-pressure r a t i o  on e x t e r n a l  nozzle pressure  d i s t r i b u t i o n  
a t  s i x  r a d i a l  angles  and s e v e r a l  Mach numbers are shown i n  f i g u r e s  28 to  39.  The d r y  
power nozzle wi th  t a i l s - o f f  and t a i l s -on  pressure  d i s t r i b u t i o n s  are presented i n  
f i g u r e s  2 8  and 29, r e spec t ive ly ,  and the  A/B nozzle  with t a i l s - o f f  and t a i l s - o n  pres-  
s u r e  d i s t r i b u t i o n s  are presented i n  f i g u r e s  30 and 31, r e spec t ive ly .  
Dry Power Nozzles 
A s  shown i n  f i g u r e s  28 and 29, j e t  opera t ion  increased  nozzle b o a t t a i l  p re s su res  
both subson ica l ly  and supe r son ica l ly  f o r  a l l  dry  p o w e r  nozzle  cases. Generally,  as 
j e t  to t a l -p re s su re  r a t io  increased,  t he  nozzle boattail pressure also increased ,  
e s p e c i a l l y  f o r  j e t  to t a l -p re s su re  r a t i o s  above design p res su re  ratio.  It can also be 
seen  t h a t  t he  j e t  i n t e r f e r e n c e  e f f e c t s  f ed  forward over  t he  e n t i r e  nozzle su r face  a t  
subsonic speeds.  However, a t  supersonic  speeds, j e t  i n t e r f e r e n c e  e f f e c t s  g e n e r a l l y  
d i d  no t  spread forward of X / I  = 0.963 (see f i g s .  28(c) and 2 9 ( c ) ) .  The only 
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except ion w a s  f o r  t he  4 = 90' (see f i g .  2 ( e )  f o r  4) l o c a t i o n s )  r o w ,  where e f f e c t s  
caused by opera t ion  of the  j e t  w e r e  measured over the e n t i r e  length  of t he  nozzle  
b o a t t a i l .  This 41 = 90' row of p re s su re  o r i f i c e s  l i e  i n  an  area d i r e c t l y  behind the 
engine i n t e r f a i r i n g  between the  nozzles .  The d a t a  s e e m  t o  i n d i c a t e  t h a t  t h i s  reg ion  
is dominated by subsonic  f l o w  (probably the  r e s u l t  of f low sepa ra t ion  upstream of the 
nozz les  i n  t h e  i n t e r f a i r i n g  r e g i o n ) .  
Another c h a r a c t e r i s t i c  of the dry p o w e r  nozzle  p re s su re  d i s t r i b u t i o n  is t h a t  the 
nozzle  pressure  c o e f f i c i e n t  g e n e r a l l y  tends to  i n c r e a s e  over  t he  e n t i r e  nozz le  
b o a t t a i l  region. This increase i s  the r e su l t  of recompression of t he  a f te rbody 
e x t e r n a l  flow f i e l d  on the  nozzles  a f t e r  it has expanded over the  model a f t e rbody  and 
nozzle  shoulder.  For the subsonic  cases, p re s su re  recovery i s  ex tens ive  enough to  
r e s u l t  i n  p o s i t i v e  p re s su re  c o e f f i c i e n t s  (or pressure above ambient) on a l a r g e  
p o r t i o n  of t he  nozzle sur face .  P o s i t i v e  pressure  c o e f f i c i e n t s  on the a f t - f a c i n g  
nozzle  b o a t t a i l  r e s u l t  i n  nega t ive  drags ( o r  t h r u s t )  on the  nozzles ,  which are of 
course  very favorable .  A t  M = 1.2, p ressure  recovery s t i l l  occurs b u t  is n o t  
complete enough t o  g ive  s i g n i f i c a n t  p o s i t i v e  p re s su re  c o e f f i c i e n t s  on the  nozzle  
b o a t t a i l .  These c h a r a c t e r i s t i c s  a t  supersonic  speeds are t y p i c a l  of o t h e r  twin- 
engine da t a  and show evidence of shock movement with varying j e t  to t a l -p re s su re  
r a t i o .  
Comparisons of t he  nozzle  p re s su re  d i s t r i b u t i o n s  f o r  t he  dry p o w e r  nozzles ,  
t a i l s  off  versus  t a i l s  on, can be made by comparing f i g u r e s  28 and 29. Addition of 
empennage su r faces  tended t o  reduce p res su res  on t h e  nozzle  boattail,  p r imar i ly  a t  
supersonic  speeds. However, some loca l i zed  e f f e c t s  w e r e  found a t  subsonic speeds i n  
t h e  region d i r e c t l y  behind t h e  a f t - loca t ed  h o r i z o n t a l  ta i ls  ( 4  - 270O). The d a t a  
f o r  M = 1.2 show t h a t  t h e  a d d i t i o n  of t a i l  su r faces  produces i n t e r f e r e n c e  e f f e c t s  
on the  e n t i r e  nozzle.  The d a t a  a t  4 = 270° show t h a t ,  a t  subsonic speeds, t h e  
largest t a i l  i n t e r f e r e n c e  e f f e c t s  occur i n  the  nozzle p re s su re  d i s t r i b u t i o n  d i r e c t l y  
behind the  a f t - loca t ed  h o r i z o n t a l  t a i l .  Pressure d i s t r i b u t i o n  da ta  n o t  presented  
i n d i c a t e  t h a t  as the  ver t ical  t a i l s  are moved a f t  and i n  close proximity to  the  noz- 
z l e ,  t he  i n t e r f e r e n c e  e f f e c t s  on the  nozzle become more s i g n i f i c a n t .  
Afterburning Nozzles 
The e f f e c t s  of j e t  to t a l -p re s su re  r a t i o  on nozzle  p re s su re  d i s t r i b u t i o n s  f o r  t h e  
A/B nozzles  a r e  presented i n  f i g u r e s  30 and 31 f o r  t a i l s  o f f  and ta i l s  on, respec- 
t i v e l y .  In genera l ,  t he  e f f e c t s  of j e t  to t a l -p re s su re  ra t io  on nozzle b o a t t a i l  pres- 
s u r e s  remained c o n s i s t e n t  with those previously noted f o r  t he  dry p o w e r  nozzle  cases. 
The nozzle b o a t t a i l  p re s su re  c o e f f i c i e n t s  decreased from p o s i t i v e  values  on t h e  
forward po r t ion  of the nozzle to  negat ive values  near t h e  nozzle  e x i t .  It i s  
bel ieved t h a t  t he  high-pressure region on the forward p o r t i o n  of t he  nozzle  w a s  
caused by a recompression region loca ted  a t  t h e  junc tu re  between the circular  arc and 
c o n i c a l  s ec t ions  of t he  nozzle  a t  X/I = 0.94. The decreas ing  pressure  c o e f f i c i e n t s  
w e r e  a r e s u l t  of t he  expansion of t he  flow f i e l d  toward free-s t ream s ta t ic  p res su re  
down the  nozzle b o a t t a i l .  As discussed previous ly ,  t he  flow may i n  many cases  be 
f u r t h e r  acce le ra t ed  as a r e s u l t  of j e t  entrainment.  
Jet i n t e r f e r e n c e  e f f e c t s  ( v a r i a t i o n  of l o c a l  s t a t i c  p re s su re  with varying j e t  
to t a l -p re s su re  r a t i o )  fed  forward over t he  e n t i r e  A/B nozzle  boattail  a t  subsonic  
speeds.  This w a s  similar t o  the  d ry  power nozzle case.  A t  supersonic  speeds, t h e s e  
e f f e c t s  appeared pr imar i ly  a t  X / I  = 0.986 and occas iona l ly  as f a r  forward as 
X / I  = 0.974. 
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Addition of empennage su r faces  had l i t t l e  or no e f f e c t  on nozzle p re s su re  d i s -  
t r i b u t i o n s  a t  subsonic  speeds, with the  except ion of t he  region d i r e c t l y  behind t h e  
a f t - loca t ed  h o r i z o n t a l  t a i l s  ( 4  = 270O). In t h i s  region,  t he  add i t ion  of t a i l s  
inc reased  nozzle  boattail p re s su res  near t he  nozzle e x i t  plane . 
A t  M = 1.2, t he  add i t ion  of t a i l s  tended t o  reduce nozzle  b o a t t a i l  p re s su res  i n  
nozzle  regions which w e r e  i n  l i n e  with or i n  close proximity t o  the  t a i l  su r f aces  
( 4  = 270° and I$ = 315O). This reduct ion  i n  b o a t t a i l  p re s su res  due t o  t a i l  s u r f a c e s  
occurred f o r  o t h e r  t a i l  l oca t ions  as w e l l .  T a i l  su r f aces  tended to  inc rease  nozzle  
b o a t t a i l  p re s su res  on the forward po r t ion  of t he  nozzle  f o r  4 = 90° (engine i n t e r -  
f a i r i n g  reg ion)  a t  M = 1.2. 
Angle of Attack 
The e f f e c t s  of ang le  of a t t a c k  on d ry  power nozzle  p re s su re  d i s t r i b u t i o n s  a re  
presented  i n  f i g u r e s  32 and 33 f o r  t a i l s - o f f  and t a i l s -on  condi t ions ,  r e spec t ive ly .  
As shown i n  both f i g u r e s  a t  Mach numbers of 0.6 and 0.9, t h e r e  w a s  very l i t t l e  e f f e c t  
of angle  of a t t a c k  on nozzle  boattail pressures  except  a t  the  m o s t  forward p res su re  
o r i f i c e  loca t ion .  In  a s i m i l a r  s tudy  f o r  which p res su res  were measured (ref. 181, 
t h e  primary e f f e c t s  of angle  of a t t a c k  w e r e  found on t h e  forebody and af te rbody fo r -  
ward of t he  nozzles .  The except ion again occurred a t  supersonic  speeds, a t  which 
nozzle  b o a t t a i l  p re s su res  became a s t rong  func t ion  of model angle  of a t t a c k  f o r  
a > 4O. The p res su re  c o e f f i c i e n t  data f o r  the t a i l s - o f f  case shown i n  f i g u r e  32 (c )  
show t h a t  nozzle boat ta i l  pressure  c o e f f i c i e n t  gene ra l ly  decreased as angle  of a t t a c k  
increased .  The a d d i t i o n  of t a i l  su r f aces  f u r t h e r  complicates the  af terbody flow 
f i e l d ,  as i l l u s t r a t e d  by nozzle p re s su re  c o e f f i c i e n t s  i n  f i g u r e s  33(e)  and 3 3 ( f ) .  
These f i g u r e s  show t h a t  nozzle  pressure  c o e f f i c i e n t s  w e r e  h ighly  dependent on ang le  
of a t t a c k .  
DATA COMPARISONS 
In an e f f o r t  t o  s impl i fy  the  da t a  a n a l y s i s ,  d a t a  have been cross -p lo t ted  a t  
s e l e c t e d  j e t  to t a l -p re s su re  r a t i o s .  Figure 34 p resen t s  t he  t y p i c a l  turbofan-engine 
p re s su re - r a t io  schedule  wi th  Mach number used f o r  t h i s  a n a l y s i s .  Although t h e  f i g u r e  
comparisons are based on t h i s  p a r t i c u l a r  schedule of a s  a func t ion  of Mach 
number, the r e s u l t s  would also be gene ra l ly  v a l i d  f o r  o t h e r  schedules.  However, t he  
r e l a t i v e  d i f f e r e n c e s  between comparisons may vary. 
ptlj/pm 
D a t a  comparisons are presented i n  f i g u r e s  35 to  73. Table I1 is an index t o  
these  comparison f i g u r e s .  Three types of f i g u r e s  w e r e  used f o r  these  comparisons. 
In  the  f i r s t  type, to ta l  aft-end drag  and l i f t  are p l o t t e d  as func t ions  of Mach num- 
ber  f o r  t w o  values  of a f te rbody angle  of a t t a c k ,  O . 1 °  and 8.1°,  and are presented  f o r  
a l l  conf igu ra t ion  comparisons. In  t h e  second type, p l o t s  of i nd iv idua l  aft-end drag- 
c o e f f i c i e n t  components (CD,n, CD,tails, and CD,a) and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments (ACD,it, ACD, ia)  versus  Mach number are provided 
f o r  many of the comparisons. These component drags and i n t e r f e r e n c e  increments are 
presented only a t  an a f te rbody angle  of a t t a c k  of O . l O .  Figures  of the t h i r d  type 
a r e  drag summary plots, i n  which drag values  f o r  a given gene ra l  af terbody configura-  
t i o n  (such as d ry  power nozzles  with t a i l  booms o f f )  are summarized. 
ACD, in, and 
1 
b 
1 
d 
1 1  
V e r t i c a l  T a i l  Location 
Twin V e r t i c a l  T a i l  Axial Location 
The effects of twin  vertical  t a i l  ax ia l  l o c a t i o n  on to ta l  aft-end l i f t  and d r a g  
c o e f f i c i e n t s ,  i n d i v i d u a l  component drag c o e f f i c i e n t s ,  and t a i l  i n t e r f e r e n c e  drag 
c o e f f i c i e n t s  are presented i n  f i g u r e s  35 to  47. Discussion of t he  d a t a  i s  broken 
down i n t o  fou r  gene ra l  af terbody configurat ions:  d ry  power nozzles  with t a i l  booms 
off (f igs.  35 t o  38); d r y  power nozzles  with t a i l  booms on (figs.  39 to  41);  A/B noz- 
z l e s  with t a i l  booms off  ( f i g s .  42 t o  44) ; and A/B nozzles  w i t h  t a i l  booms on 
(figs.  45 to  47).  
Dry p o w e r  nozzles  with t a i l  booms o f f  .- The e f f e c t s  of ver t ical  t a i l  l o c a t i o n  on 
aft-end l i f t  and d rag  a t - v a r i o u s  h o r i z o n t a l  t a i l  l o c a t i o n s  f o r  t he  d ry  power nozzle,  
booms-off conf igu ra t ion  are shown i n  f i g u r e s  35 to  37, and d a t a  summarizing t h e  
t o t a l  aft-end drag c h a r a c t e r i s t i c s  are presented i n  f i g u r e  38. Examination of f i g -  
u r e s  35 (a ) ,  3 6 ( a ) ,  3 7 ( a ) ,  and 38 i n d i c a t e s  that  both lift and drag c h a r a c t e r i s t i c s  
w e r e  a funct ion of Mach number, angle  of a t t a c k ,  and h o r i z o n t a l  t a i l  l oca t ion ;  
however, some t r ends  can be noted. A t  a = O . I o ,  t h e  a f t  l o c a t i o n  of t h e  v e r t i c a l  
t a i l s  gene ra l ly  r e s u l t e d  i n  higher  drag and lower lift throughout t h e  Mach number 
range t e s t e d .  Closer examination of t he  supersonic  d a t a  (M > 1.15) i n d i c a t e s  t h a t  
t h e  empennage arrangements with the  lowest drag w e r e  a l l  s t a g g e r e d - t a i l  ( h o r i z o n t a l  
and v e r t i c a l  t a i l s  a t  d i f  Eerent a x i a l  l o c a t i o n s )  conf igu ra t ions .  
T o t a l  aft-end drag d a t a  a t  a = 8.1° w e r e  obtained only a t  M = 0.6 and 0.9. 
The only gene ra l  t r end  w a s  f o r  t h e  M = 0.9 da t a .  A t  t h i s  Mach number, t h e  a f t  
v e r t i c a l  t a i l  l o c a t i o n  provides s i g n i f i c a n t  reduct ions i n  drag over t he  forward and 
mid loca t ions .  This is  a r e v e r s a l  of t h e  t r ends  found a t  01 = O . I o ,  and it i l l u s -  
trates the  complexity of t h e  Mach number and angle-of-attack r e l a t i o n s h i p  on t o t a l  
aft-end drag. 
Examination of t h e  i n d i v i d u a l  aft-end component drag values and t a i l  i n t e r f e r -  
ence drag increments provides i n s i g h t  i n t o  the  a c t u a l  mechanisms involved with vari- 
ous empennage arrangements. (See f i g s .  3 5 ( b ) ,  3 6 ( b ) ,  and 37 (b ) . )  Variat ion i n  
computed t a i l  drag 
n i f i c a n t .  Tail-drag v a r i a t i o n s  would r e s u l t  only from t h e  s m a l l  d i f f e r e n c e s  i n  t h e  
t a i l  r o o t  f a i r i n g s  as discussed i n  the  s e c t i o n  " D a t a  Acquis i t ion and Procedure." 
Values of nozzle drag CD,n f o r  t h e  t h r e e  v e r t i c a l  t a i l  l o c a t i o n s  vary s i g n i f i -  
can t ly .  In general ,  moving the  ver t ical  t a i l s  c l o s e r  t o  t h e  nozzles increased nozzle 
d rag  over t h e  e n t i r e  Mach number range t e s t ed .  The af terbody drag c (obtained 
by removing nozzle drag and t a i l  drag from the  t o t a l  aft-end drag C,,?'fs seen t o  be 
r e l a t i v e l y  unaffected by ver t ica l  t a i l  l oca t ions  f o r  M < 0.8, b u t  becomes inc reas -  
i n g l y  more s e n s i t i v e  t o  t a i l  l o c a t i o n  as Mach number i s  increased.  In most cases the  
af terbody d rag -coe f f i c i en t  component a c t u a l l y  decreased (and i n  some cases remained 
unchanged) as ver t ical  ta i ls  w e r e  moved a f t .  
CD, tails with changes i n  v e r t i c a l  t a i l  l o c a t i o n  i s  almost i n s i g -  
The t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increments on t h e  total  a f t  end A C D , i t ,  
t h e  nozzles ED in, and the  af terbody ACD,ia are on t h e  right-hand s i d e  of f ig -  
u r e s  35 (b ) ,  36(bj ,  and 37(b) .  
and values g r e a t e r  than zero r e p r e s e n t  unfavorable i n t e r f e r e n c e .  Examination of t h e  
t a i l  i n t e r f e r e n c e  drag increment on t h e  t o t a l  a f t  end shows t h a t ,  i n  almost a l l  
cases, the t a i l  i n t e r f e r e n c e  w a s  unfavorable.  These unfavorable e f f e c t s  i nc reased  
wi th  inc reas ing  subsonic Mach number and decreased with i n c r e a s i n g  supersonic  Mach 
number. For M < 0.95, t a i l  i n t e r f e r e n c e  on the  t o t a l  a f t  end increased as the  twin 
ver t ica l  ta i ls  w e r e  moved a f t .  The t a i l  i n t e r f e r e n c e  increment a t  supersonic  speeds 
Values less than zero r e p r e s e n t  favorable  i n t e r f e r e n c e  
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w a s  lowest f o r  t h e  mid v e r t i c a l  t a i l  l oca t ion  and g e n e r a l l y  h ighes t  f o r  t h e  a f t  
v e r t i c a l  t a i l  l oca t ion .  Examination of these i n t e r f e r e n c e  d a t a  again i n d i c a t e  lower 
i n t e r f e r e n c e  effects f o r  t h e  s t a g g e r e d - t a i l  con f igu ra t ions  a t  t h e  supersonic Mach 
numbers except  f o r  t he  mid h o r i z o n t a l  t a i l ,  mid v e r t i c a l  t a i l  configurat ion.  It is  
important  t o  compare t h e  aft-end i n t e r f e r e n c e  increment with t h e  t o t a l  aft-end 
drag. For example, compare t h e  t o t a l  aft-end i n t e r f e r e n c e  increment A C D , i t  w i th  
t h e  t o t a l  aft-end drag c o e f f i c i e n t  CD f o r  t h e  a f t  h o r i z o n t a l  t a i l ,  a f t  v e r t i c a l  
t a i l  arrangement of f i g u r e  37. F i r s t ,  consider  M = 0.6. The t a i l  i n t e r f e r e n c e  
d rag -coe f f i c i en t  increment on the to t a l  a f t  end is  0.0008 ( f i g .  3 7 ( b ) ) ,  and the t o t a l  
aft-end drag c o e f f i c i e n t  is  0.0081 ( f i g .  3 7 ( a ) ) .  Nearly 10 percen t  of t h e  t o t a l  a f t -  
end drag is the  r e s u l t  of t a i l  i n t e r f e r e n c e  e f f e c t s .  A t  M = 0.9 and M = 1.2, t a i l  
i n t e r f e r e n c e  accounts f o r  approximately 38 pe rcen t  and 5 pe rcen t ,  r e spec t ive ly ,  of 
t h e  t o t a l  aft-end drag. T a i l  i n t e r f e r e n c e  e f f e c t s  are s i g n i f i c a n t  throughout t h e  
Mach number range, b u t  they are extremely l a r g e  i n  t h e  high subsonic-transonic speed 
range. 
The t a i l  i n t e r f e r e n c e  d rag  increments on t h e  nozzles ACD,in  i n d i c a t e  s i m i l a r  
t r ends  as discussed f o r  nozzle drag c o e f f i c i e n t .  For a l l  Mach numbers t e s t e d ,  t he  
unfavorable i n t e r f e r e n c e  e f f e c t s  o r i g i n a t i n g  from the v e r t i c a l  t a i l s  increased as t h e  
v e r t i c a l  t a i l s  w e r e  moved a f t .  This is probably t h e  r e s u l t  of l o c a l  flow sepa ra t ion  
d i r e c t l y  behind t h e  t a i l  s u r f a c e s  and increased l o c a l  v e l o c i t i e s  elsewhere on t h e  
nozzles.  
The t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increment on t h e  af terbody ACD,ia  w a s  
h igh ly  dependent on conf igu ra t ion  and Mach number. However, t a i l  i n t e r f e r e n c e  incre-  
ments on the  af terbody w e r e  g e n e r a l l y  unfavorable (and i n c r e a s i n g l y  more unfavorable 
with inc reas ing  Mach number) i n  t h e  subsonic-transonic Mach number range. A t  super- 
son ic  speeds, t h e  i n t e r f e r e n c e  e f f e c t s  on t h e  af terbody w e r e  gene ra l ly  favorable .  
Dry power nozzles  with t a i l  booms on.- The e f f e c t s  of twin v e r t i c a l  t a i l  a x i a l  
l o c a t i o n  on aft-end drag and l i f t  c h a r a c t e r i s t i c s  f o r  t he  d ry  power nozzle,  booms-on 
conf igu ra t ions  are shown i n  f i g u r e s  39 and 40, and data summarizing t h e  t o t a l  aft-end 
drag c h a r a c t e r i s t i c s  are presented i n  f i g u r e  41. As prev ious ly  shown f o r  t he  booms- 
o f f  conf igu ra t ions ,  the t o t a l  aft-end l i f t  decreased as v e r t i c a l  t a i l s  w e r e  moved 
from the forward l o c a t i o n  t o  t h e  m i d  o r  a f t  l oca t ion .  However, the drag d a t a  pre-  
s en ted  i n  f i g u r e  41 va r i ed  somewhat from the  booms-off c h a r a c t e r i s t i c s  shown i n  
f i g u r e  38. For a = O . I o ,  t he  M = 0.6 d a t a  i n d i c a t e  no e f f e c t  on drag due t o  
v e r t i c a l  t a i l  l oca t ion .  This w a s  no t  t h e  case, however, a t  M = 0.9, where aft-end 
drag t r ends  r e s u l t i n g  from v e r t i c a l  t a i l  placement va r i ed  with h o r i z o n t a l  t a i l  
l oca t ion .  The d rag -coe f f i c i en t  data a t  M = 1.2 c l e a r l y  i n d i c a t e  t h a t  a f t  movement 
of t he  v e r t i c a l  t a i l s  r e s u l t e d  i n  s i g n i f i c a n t  i nc reases  i n  drag. A t  a = 8.1° and 
M < 0.9, r e l o c a t i o n  of t h e  v e r t i c a l  t a i l s  from forward t o  mid o r  a f t  l o c a t i o n s  
r e s u l t e d  i n  s u b s t a n t i a l  drag reduct ions.  
Examination of t h e  aft-end component drag c o e f f i c i e n t s  and t a i l  i n t e r f e r e n c e  
d rag -coe f f i c i en t  increments ( f i g s .  39(b) and 4 0 ( b ) )  a t  a = 0.1O shows t h a t  t h e  
nozzle drag c o e f f i c i e n t s  increased throughout t h e  Mach number range by a f t  movement 
of the twin v e r t i c a l  ta i ls ,  as w a s  t h e  case with t h e  booms-off d a t a  of f i g u r e s  35 
t o  38. For M < 0.9, t h e  v a r i a t i o n s  i n  t a i l  i n t e r f e r e n c e  increment on t h e  t o t a l  
a f t  end w e r e  s m a l l  f o r  t h e  d i f f e r e n t  v e r t i c a l  t a i l  l o c a t i o n s  t e s t ed .  The t a i l  
i n t e r f e r e n c e  increment w a s  s u b s t a n t i a l l y  lower f o r  t h e  forward-located p o s i t i o n  a t  
M 2 1.15. The t a i l  i n t e r f e r e n c e  drag increment on t h e  nozzles  
by a f t  movement of the v e r t i c a l  t a i l s  f o r  a l l  Mach numbers t e s t ed .  
w a s  increased “D, i n  
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A/B nozzles ,  t a i l  booms off.-  The effects of twin v e r t i c a l  t a i l  a x i a l  l o c a t i o n  
on aft-end c h a r a c t e r i s t i c s  f o r  t h e  A/B nozzle, booms-off conf igu ra t ions  are shown i n  
f i g u r e s  42 and 43, and d a t a  summarizing the  t o t a l  af t -end drag  c h a r a c t e r i s t i c s  are 
presented i n  f i g u r e  44. The d a t a  shown i n  f i g u r e s  42 (a )  and 43 (a )  i n d i c a t e  t h a t  
l i f t - c o e f f i c i e n t  t r ends  w e r e  a func t ion  of h o r i z o n t a l  t a i l  l o c a t i o n  and v e r t i c a l  t a i l  
l oca t ion .  The summary of t he  drag  d a t a  presented  i n  f i g u r e  44 i n d i c a t e s  tha t  f o r  
subsonic  Mach numbers the a f t  v e r t i c a l  tai l  l o c a t i o n  provided the  l o w e s t  t o t a l  a f t -  
end drag. A t  supersonic  speeds, t he  opposite w a s  t r u e .  Forward vertical  t a i l  loca- 
t i o n  r e s u l t e d  i n  t h e  lowest t o t a l  aft-end drag. 
The e f f e c t s  of v e r t i c a l  t a i l  l oca t ion  on the  i n d i v i d u a l  aft-end d rag -coe f f i c i en t  
components w e r e  gene ra l ly  very s m a l l  f o r  A/B nozzle  conf igu ra t ions  a t  subsonic- 
t r anson ic  Mach numbers. A t  M < 0.9, t a i l  i n t e r f e r e n c e  increments on the  t o t a l  a f t  
end w e r e  u sua l ly  the  same or more favorable  f o r  t h e  a f t  v e r t i c a l  t a i l  place- 
ment when compared with the  forward v e r t i c a l  t a i l  placement. Since the i n t e r f e r e n c e  
e f f e c t s  on the  nozzle  w e r e  almost nonexis ten t  (as a r e s u l t  of t he  reduced b o a t t a i l i n g  
a s soc ia t ed  with the  A/B nozz le s ) ,  t he  i n t e r f e r e n c e  increments on the  a f te rbody 
ACDlia w e r e  almost i d e n t i c a l  t o  those f o r  t he  t o t a l  af t -end ACD,it. The t a i l  
i n t e r f e r e n c e  drag increment on t h e  t o t a l  a f t  end 
d ry  power nozzles  than f o r  t he  A/B nozzles .  
ED,it 
KD,it is  gene ra l ly  l a r g e r  f o r  t he  
A/B nozzles  with t a i l  booms on.- The e f f e c t s  of twin v e r t i c a l  t a i l  a x i a l  loca- 
t i o n  on aft-end c h a r a c t e r i s t i c s  f o r  t he  A/B nozzle ,  booms-on conf igu ra t ions  are shown 
i n  f i g u r e s  45 and 46, and d a t a  summarizing the  t o t a l  af t -end drag  c h a r a c t e r i s t i c s  are 
presented i n  f i g u r e  47. The l i f t - c o e f f i c i e n t  d a t a  i n  f i g u r e s  45(a)  and 46 (c )  i n d i -  
c a t e  decreased values  of 
a f t  l oca t ions .  The t o t a l  aft-end drag  da ta  presented  i n  f i g u r e  47 show t h a t  t he  d rag  
t r ends  a r e  dependent upon Mach number, angle  of a t t a c k ,  and h o r i z o n t a l  t a i l  loca t ion .  
A t  a = 8.1° drag  t rends  d id  i n d i c a t e  t h a t  r e l o c a t i o n  of t he  v e r t i c a l  t a i l s  from 
forward t o  mid o r  a f t  l oca t ions  w a s  b e n e f i c i a l .  
CL as the  v e r t i c a l  t a i l s  are moved from forward t o  mid o r  
The e f f e c t s  of twin v e r t i c a l  t a i l  l oca t ion  on the  af t -end d rag -coe f f i c i en t  com- 
ponents and t a i l  i n t e r f e r e n c e  drag  increments ( f i g s .  45 (b )  and 4 6 ( b ) )  w e r e  similar t o  
the  A/B nozzle, booms-off da t a  of f i g u r e s  42(b)  and 4 3 ( b ) .  The only except ions  w e r e  
a t  supersonic  Mach numbers on the  t o t a l  aft-end t a i l  i n t e r f e r e n c e  increment 
and on the  a f te rbody t a i l  i n t e r f e r e n c e  increment 
*‘D, it 
ACD, ia ,  where t rends  w e r e  reversed.  
The e f f e c t s  of var ious a x i a l  l oca t ions  of t he  v e r t i c a l  t a i l  on t o t a l  aft-end 
drag w e r e  considered i n  t h i s  i nves t iga t ion ;  however, v e r t i c a l  t a i l  alignment could 
a lso have a s i g n i f i c a n t  e f f e c t  on the  r e s u l t s ;  
W i n  V e r t i c a l  T a i l  Lateral Location 
The e f f e c t s  of twin v e r t i c a l  t a i l  la teral  l o c a t i o n  on t h e  af t -end aerodynamic 
c h a r a c t e r i s t i c s  a r e  presented i n  f i g u r e  48. Only one comparison w a s  made, and l i m -  
i t e d  da t a  w e r e  obtained. The h o r i z o n t a l  tails w e r e  mounted on the  t a i l  booms i n  the  
a f t  l oca t ion  ( see  f i g .  2 ( g ) ) .  The la teral  t a i l  l o c a t i o n  comparison w a s  made by 
mounting the  twin v e r t i c a l  t a i l s  on the  fuse lage  (body) a t  BL -10.16 (see f i g .  2 ( f ) )  
and then moving the  twin v e r t i c a l  t a i l s  outboard onto the  t a i l  booms. V e r t i c a l  t a i l  
a x i a l  l oca t ion  w a s  f i xed  a t  FS 136.68. Only l imi t ed  d a t a  w e r e  obtained a t  M = 0.6 
and M = 0.9 with the  v e r t i c a l  t a i l  mounted on the  body. As with the  t o t a l  af t -end 
l i f t  and drag, i nd iv idua l  aft-end component drag  c o e f f i c i e n t s  and t a i l  i n t e r f e r e n c e  
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increments,  there w a s  l i t t l e  o r  no e f f e c t  r e s u l t i n g  from twin v e r t i -  
l oca t ion .  
S ing le  V e r t i c a l  T a i l  Axial Location 
of s i n g l e  v e r t i c a l  t a i l  axial  l o c a t i o n  on to ta l  aft-end l i f t  and 
af t -end component drag c o e f f i c i e n t s ,  and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments are shown i n  f i g u r e s  49 t o  52. D a t a  are presented f o r  t w o  d ry  
power nozzle, booms-off conf igu ra t ions  ( f i g s .  49 t o  51) and f o r  one A/B nozzle ,  
booms-off conf igura t ion  ( f i g .  52) .  These w e r e  the only conf igura t ions  t e s t e d  wi th  
t h e  s i n g l e  v e r t i c a l  t a i l  wi th  which comparisons could be made. 
Dry power nozzles  w i t h  t a i l  booms off.-  The e f f e c t s  of s i n g l e  v e r t i c a l  t a i l  
l oca t ion  on aft-end c h a r a c t e r i s t i c s  i n  the  presence of d ry  power nozzles  ( f i g s .  49 
t o  51) w e r e  gene ra l ly  s i m i l a r  t o  t h e  r e s u l t s  obtained wi th  the  twin v e r t i c a l  t a i l  
arrangement. To ta l  aft-end l i f t  ( f i g s .  49(a)  and 50(a))  w a s  reduced when t h e  s i n g l e  
v e r t i c a l  t a i l  w a s  moved from t h e  forward loca t ion  t o  t h e  a f t  loca t ion .  The summary 
of drag  r e s u l t s  shown i n  f i g u r e  51 i n d i c a t e s  t h a t  t he  e f f e c t  of v e r t i c a l  t a i l  ax ia l  
l o c a t i o n  i s  a func t ion  of Mach number and angle  of a t t a c k .  
Examination of t he  ind iv idua l  aft-end component drag  c o e f f i c i e n t s  ( f i g s .  49 (b )  
and 5 0 ( b ) )  i n d i c a t e s  t h a t  nozzle drag CD 
bers  with a f t  placement of t he  s i n g l e  v e r t i c a l  t a i l .  The con t r ibu t ion  of t he  a f t e r -  
body alone t o  t o t a l  d rag  w a s  i n  t u rn  somewhat l a r g e r  f o r  t he  s i n g l e  v e r t i c a l  forward 
placement. 
s i g n i f i c a n t l y  increased  a t  a l l  Mach num- 
The t a i l  i n t e r f e r e n c e  increments on t h e  t o t a l  af t -end drag  t rends  w e r e  a l s o  
dependent upon Mach number. A f t  l oca t ion  of the s i n g l e  v e r t i c a l  t a i l  i s  unfavorable  
f o r  M < 0.9 and favorable  f o r  M > 1 . IS ,  when compared wi th  the  forward t a i l  
l oca t ion .  
A/B nozzles  with t a i l  booms off . -  Single  v e r t i c a l  t a i l  loca t ion  i n  the  presence 
of the A/B nozzles  is  shown i n  f i g u r e  52 t o  have very l i t t l e  e f f e c t  on the  a f te rbody 
aerodynamic c h a r a c t e r i s t i c s ,  except  a t  supersonic  speeds.  For M 2 1.15, t h e  af t -end 
t o t a l  l i f t  and drag  c o e f f i c i e n t s  increased  a s  the  s i n g l e  v e r t i c a l  t a i l  was moved 
a f t .  These t r ends  are oppos i te  of those observed on the  dry  power nozzle conf icpra-  
t i ons .  The t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increments on t h e  t o t a l  aft-end 
showed d e f i n i t e  adverse i n t e r f e r e n c e  e f f e c t s  as the  s i n g l e  v e r t i c a l  t a i l  w a s  
moved a f t .  Except a t  M = 1.2,  both v e r t i c a l  t a i l  l o c a t i o n s  provided favorable  
i n t e r f e r e n c e  e f f e c t s  on the  t o t a l  a f t  end. 
Horizontal  T a i l  Location 
The e f f e c t s  of h o r i z o n t a l  t a i l  loca t ion  on t o t a l  af t -end l i f t  and drag  c o e f f i -  
c i e n t s  are presented  i n  f i g u r e s  53 to  63. Ind iv idua l  af t -end component drag  c o e f f i -  
c i e n t s  and t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increments are provided only f o r  t he  
dry  power nozzle  cases ( f i g s .  53 t o  55 and 57),  because the e f f e c t s  of h o r i z o n t a l  
t a i l  l o c a t i o n  i n  t h e  presence of t he  A/B nozzle w e r e  r e l a t i v e l y  s m a l l .  
Horizontal  t a i l  l o c a t i o n  gene ra l ly  had only s m a l l  e f f e c t s  on l i f t  or drag  coef-  
f i c i e n t s  a t  M < 0.9, e s p e c i a l l y  f o r  a = 0.1 O . Trends w e r e  more conf igura t ion-  
dependent a t  M > 1.15. Summary f i g u r e s  of t he  e f f e c t s  of h o r i z o n t a l  t a i l  loca t ion  
on af t -end drag  i n  t h e  presence of dry  p o w e r  nozzles  ( f i g s .  56 and 63) i n d i c a t e  t h a t  
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t h e  a f t  h o r i z o n t a l  t a i l  l o c a t i o n  produced the  l a r g e s t  aft-end drag. The exception t o  
to  t h i s  w a s  f o r  t he  tail-booms-on case ( f i g .  571, for which forward h o r i z o n t a l  t a i l  
placement increased drag. For conf igu ra t ions  with A/B nozzles  ( f i g s .  58 t o  60), drag  
c o e f f i c i e n t s  a t  supersonic  speeds i n d i c a t e  t h a t  s t a g g e r i n g  t h e  empennage s u r f a c e s  i s  
b e s t  f o r  l o w  drag. 
The only gene ra l  s ta tements  that  can be made about  the ind iv idua l  aft-end drag- 
c o e f f i c i e n t  components and t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increments ( f i g s .  5 3 ( b ) ,  
5 4 ( b ) ,  and 5 5 ( b ) )  are t h a t  a f t  l o c a t i o n  of the h o r i z o n t a l  t a i l s  provided higher  levels 
of nozzle drag and t h a t  t he  t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increment on the  t o t a l  
a f t  end w a s  almost always unfavorable. 
E f f e c t s  of Horizontal  T a i l  Incidence 
The e f f e c t s  of h o r i z o n t a l  t a i l  incidence on t o t a l  aft-end drag and l i f t  are 
presented i n  f i g u r e  64 f o r  t he  tail-booms-off, d ry  power nozzle conf igu ra t ion  with 
empennage su r faces  loca t ed  forward and a f t .  As expected, l i f t  is decreased and drag 
is increased by negat ive ( l ead ing  edge down) h o r i z o n t a l  t a i l  d e f l e c t i o n s  a t  a = 0.1". 
A t  a = 8.1°, although l i f t  is s t i l l  decreased, negat ive h o r i z o n t a l  t a i l  d e f l e c t i o n s  
(up t o  - I O o )  reduce drag. 
Some i n t e r e s t i n g  l i f t - d r a g  r e l a t i o n s h i p s  can be seen i n  f i g u r e  64 (b ) .  A s  
expected, a t  a = 0.1" and M = 0.6 it i s  apparent  t h a t  the l i f t  increment due t o  
h o r i z o n t a l  t a i l  d e f l e c t i o n  from 0" to  -5" is approximately equal  t o  the l i f t  incre-  
ment r e s u l t i n g  from -5" t o  -10" d e f l e c t i o n .  The drag c o e f f i c i e n t s  corresponding t o  
t h e s e  d e f l e c t i o n s  ( t o p  left-hand par t  of f i g .  6 4 ( b ) )  e x h i b i t  the t rends expected of 
l i f t - i nduced  drag, i n  t h a t  they vary i n  proport ion t o  the  square of the l i f t  c o e f f i -  
c i e n t .  The d rag -coe f f i c i en t  pena l ty  a t  M = 0.6 f o r  6 = 5"  is  approximately 
0.0025. For 6 = loo, t h e  l i f t  is  doubled and t h e  d rag -coe f f i c i en t  increment is  
approximately 0.0100, or four  t i m e s  t he  drag increment a s s o c i a t e d  with the  f i r s t  
5" of d e f l e c t i o n .  A t  M = 0.9, a t a i l  incidence of - I O o  is  n o t  as e f f e c t i v e  i n  
producing l i f t  as a -5O d e f l e c t i o n .  This is shown by a reduct ion i n  the  l i f t  incre-  
ment produced. Local s epa ra t ion  on the h o r i z o n t a l  t a i l s  may be the explanat ion f o r  
t h i s .  The drag d a t a  may a l s o  cjtve some c r e d i b i l i t y  t o  t h i s  explanat ion,  i n  t h a t  the 
drag increment between t a i l  s e t t i n g s  with and 6h = -10" is  w e l l  over  t he  
l i f t - i nduced  drag increment. This excess i n d i c a t e s  a problem, such as l o c a l  flow 
sepa ra t ion ,  on the  t a i l  surface.  
h 
h 
6, = 5" 
Examination of t he  a = 8.1" d a t a  i n  f i g u r e  64(h)  o f f e r s  f u r t h e r  i n s i g h t  i n t o  
t h e  flow p r o p e r t i e s  around t h e  model a f t  end. As seen from the  l i f t  da t a ,  t h e  l i f t -  
c o e f f i c i e n t  values decrease with inc reas ing  Mach number. The magnitude of t h e s e  
decreases  i s  much l a r g e r  than a t  t h e  a = 0.1 O condi t ion.  The s e v e r i t y  of the 
decrease i n  l i f t  c o e f f i c i e n t  with inc reas ing  Mach number may be the  r e s u l t  of a down- 
wash f i e l d  c rea t ed  by the  support-system wings when a t  l i f t i n g  condi t ions.  A s  Mach 
number inc reases ,  the s t r e n g t h  of t h i s  downwash f i e l d  is  increased and r e s u l t s  i n  
higher  negat ive l o c a l  angles  of a t t a c k  a t  the  h o r i z o n t a l  t a i l .  This might a l s o  
exp la in  the  l a r g e r  t a i l - d e f l e c t i o n  l i f t  increments a s s o c i a t e d  with the forward ho r i -  
zon ta l  t a i l  configurat ion shown i n  f i g u r e  6 4 ( a ) .  The assumption is t h a t  the downwash 
f i e l d  i s  s t ronge r  (higher  negative l o c a l  angle of a t t a c k )  as you move c l o s e r  t o  the  
wing t r a i l i n g  edge. 
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E f f e c t s  of V e r t i c a l  T a i l  Configurat ion 
The e f f e c t s  of v e r t i c a l  ta i l  conf igura t ion  ( s i n g l e  versus  twin) on t o t a l  aft-end 
drag  and l i f t  c o e f f i c i e n t s ,  aft-end drag-coef f ic ien t  components, and t a i l  i n t e r f e r -  
ence drag-coef f ic ien t  increments f o r  var ious Mach numbers and model angles  of a t t a c k  
are presented i n  f i g u r e s  65 to  71. D a t a  are provided f o r  s e v e r a l  empennage l o c a t i o n  
arrangements, f o r  t a i l  booms of f  and on, and f o r  dry power and A/B nozzle power set- 
t i n g s .  The d a t a  f o r  aft-end component drag c o e f f i c i e n t s  and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments are shown only f o r  t he  booms-off, d ry  p o w e r  nozzle cases a t  
t w o  empennage l o c a t i o n  arrangements: both ho r i zon ta l  and v e r t i c a l  t a i l s  forward 
( f i g .  6 5 ( b ) )  and both h o r i z o n t a l  and v e r t i c a l  t a i l s  a f t  ( f i g .  6 8 ( b ) ) .  These two 
cases  provided s u f f i c i e n t  i n s i g h t  i n t o  the  mechanisms involved i n  the  planform 
comparisons. 
In  a l l  cases a t  M < 0.95, t he  t o t a l  aft-end l i f t  and drag  w e r e  l o w e r  f o r  the 
s i n g l e  v e r t i c a l  t a i l  conf igura t ion .  A t  M > 1.15 f o r  a = 0 . lo ,  the t o t a l  aft-end 
l i f t  and drag  increments r e s u l t i n g  from v e r t i c a l  t a i l  conf igura t ion  d i f f e r e n c e s  are 
d i r e c t l y  r e l a t e d  to  v e r t i c a l  t a i l  loca t ion .  (See f i g s .  65 t o  71.) With the  v e r t i c a l  
ta i ls  i n  t h e  forward l o c a t i o n  on t h e  af terbody,  t he  t o t a l  aft-end drag (and gene ra l ly  
aft-end l i f t  a l s o )  w a s  lower f o r  t he  tw in - t a i l  arrangement. 'Ihe exac t  opposite w a s  
t r u e  when the  v e r t i c a l  t a i l s  w e r e  loca ted  i n  t h e  a f t  pos i t i on .  'Ihe twin ver t ical  
t a i l s  i n  the  a f t  p o s i t i o n  apparent ly  inc rease  the  a c c e l e r a t i o n  of flow over the  
a f te rbody and nozzles  i n  the  region between the  tails. As a r e s u l t ,  t he  p re s su res  on 
the  top  of t he  a f te rbody are reduced, which r e s u l t s  i n  increased  drag and l i f t  com- 
pared with the  s i n g l e  v e r t i c a l  t a i l .  
A s  s t a t e d  previous ly ,  t he  e f f e c t s  of v e r t i c a l  t a i l  conf igura t ion  on aft-end 
component drag c o e f f i c i e n t s  and t a i l  i n t e r f e r e n c e  d rag -coe f f i c i en t  increments a r e  
presented  f o r  only two empennage arrangements: both h o r i z o n t a l  and v e r t i c a l  tails 
forward ( f i g .  6 5 ( b ) )  and both ho r i zon ta l  and v e r t i c a l  t a i l s  a f t  ( f i g .  6 8 ( b ) ) .  A s  
expected, t h e  t a i l  i n t e r f e r e n c e  drag increment on t h e  t o t a l  aft-end ACDlit i nd i -  
cates t h a t  a t  M < 0.9 t h e  twin v e r t i c a l  t a i l  conf igu ra t ions  produced a l a r g e r  unfa- 
vorable  e f f e c t  than d i d  the  s i n g l e  v e r t i c a l  t a i l  arrangement. These adverse i n t e r -  
fe rences  became more s i g n i f i c a n t  a s  the v e r t i c a l  t a i l  o r  t a i l s  w e r e  moved a f t .  
E f fec t s  of Nozzle Power S e t t i n g  
The e f f e c t s  of nozzle power s e t t i n g  on aft-end l i f t  and drag  c o e f f i c i e n t s  are 
presented i n  f i g u r e  72. D a t a  are presented for  t a i l s - o f f  cases  and a v a r i e t y  of 
empennage and empennage-boom arrangements. Probably the  only genera l  comment con- 
cerning nozzle  power s e t t i n g  t h a t  can be made is  t h a t ,  i n  a l l  cases  t e s t e d  a t  
M > 1 .O, t h e  af t -end drag  of A/B nozzle conf igura t ions  w a s  s i g n i f i c a n t l y  lower than 
f o r  t he  d ry  p o w e r  nozzle  conf igura t ions .  This  r e s u l t  w a s  expected and i s  a d i r e c t  
r e s u l t  of reduced c l o s u r e  ( a f t  p ro jec ted  area) with the  A/B nozzles .  M o s t  o t h e r  
e f f e c t s  of nozzle power s e t t i n g  on aft-end l i f t  and drag  are configuration-dependent.  
The e f f e c t s  of nozzle  power s e t t i n g  on aft-end c h a r a c t e r i s t i c s  with t a i l s  o f f  
are presented i n  f i g u r e s  72(a)  and 72 (b ) .  The l i f t  c h a r a c t e r i s t i c s  remain essen- 
t i a l l y  unaf fec ted  by nozzle  power s e t t i n g  a t  both angles  of a t t a c k  presented.  
Afterbody drag  a t  supersonic  speeds w a s  s i g n i f i c a n t l y  less f o r  A/B nozzle configura- 
t i o n s ;  however, a t  subsonic- t ransonic  speeds dry  power nozzles  r e s u l t e d  i n  t h e  lowest  
d rag  l e v e l s .  A s  d i scussed  i n  t h e  s e c t i o n  "Nozzle Pressure Dis t r ibu t ions , "  a t  
subsonic- t ransonic  speeds the  dry  power nozzles  have a favorable  pressure  (h igher  
than f r e e  s t ream)  over  a l a rge  po r t ion  of t he  a f t - f a c i n g  nozzle  area. This favorable  
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pres su re  r e s u l t s  i n  a t h r u s t  f o r c e  on t h e  nozzle boattail.  Although the  A/B nozzle 
may a l s o  have favorable  p re s su re  d i s t r i b u t i o n s ,  t h e  a f t - f a c i n g  area of t h e  A/B 
nozzles  is too  small to  provide a s i g n i f i c a n t  boat ta i l  t h r u s t  force. 
With the  a d d i t i o n  of empennage su r faces ,  it can be seen i n  f i g u r e s  7 2 ( c )  
to  72(k)  t h a t  nozzle p o w e r  s e t t i n g  e f f e c t s  on aft-end l i f t  and drag c h a r a c t e r i s t i c s  
became configuration-dependent. For a l l  empennage arrangements t e s t e d ,  subsonic d r a g  
c o e f f i c i e n t s  w e r e  lower f o r  t h e  dry p o w e r  nozzles than for the  A/B nozzle configura- 
t i o n s ,  except  f o r  those conf igu ra t ions  (with t a i l  booms o f f )  i n  which t h e  vertical 
t a i l  or t a i l s  w e r e  placed a f t  ( f i g s .  72 (d ) ,  7 2 ( f ) ,  and 7 2 ( h ) ) .  This r e s u l t  w a s  
expected, s ince  adverse t a i l  i n t e r f e r e n c e  e f f e c t s  from vertical t a i l  s u r f a c e s  i n  n e a r  
proximity t o  t h e  nozzles have a l a r g e r  adverse impact on d ry  p o w e r  nozzles (with 
l a r g e r  a f t - f ac ing  areas) than on t h e  A/B nozzles.  
E f f e c t s  of T a i l  Booms 
The e f f e c t s  of t a i l  booms (and mounting t a i l s  on t h e s e  booms) on aft-end l i f t  
and drag c h a r a c t e r i s t i c s  are shown i n  f i g u r e  73. D a t a  are presented f o r  both d r y  
power and A/B nozzle power s e t t i n g s  with t a i l s  o f f  ( f i g s .  7 3 ( a )  and 7 3 ( c ) )  and with 
empennage su r faces  ( f i g s .  73(b)  and 7 3 ( d ) ) .  For t h e  t a i l s -on  conf igu ra t ions ,  t h e  
a x i a l  l oca t ion  of t h e  v e r t i c a l  and h o r i z o n t a l  t a i l s  (booms o f f  and booms on) i s  held 
constant .  
Examination of t h e  aft-end drag d a t a  shows t h a t  i n  a l l  cases, over the e n t i r e  
Mach number and angle-of-attack range shown, a d d i t i o n  of t a i l  booms increased aft-end 
drag. The inc reases  i n  drag w e r e  more pronounced a t  supersonic  speeds and a t  t h e  
higher  angles  of a t t a c k .  Drag inc reases  r e s u l t i n g  from t a i l  booms w e r e  g e n e r a l l y  
l a r g e r  f o r  t he  dry power nozzle conf igu ra t ions  than f o r  t h e  A/B nozzle configura- 
t i o n s ,  probably because of increased nozzle b o a t t a i l  area and tail-boom i n t e r f e r e n c e  
e f f e c t s  on the  nozzle. 
The aft-end l i f t  d a t a  show t h a t  t he  a d d i t i o n  of t a i l  booms gene ra l ly  has l i t t l e  
o r  no e f f e c t  on l i f t  a t  a = 0.1O. However, l i f t  w a s  i nc reased  a t  a = 8.1° wi th  
t h e  a d d i t i o n  of t a i l  booms. The t a i l  booms inc rease  the aft-end l i f t i n g  s u r f a c e  
area. 
CONCLUSIONS 
An i n v e s t i g a t i o n  has been conducted i n  t h e  Langley 16-Foot Transonic Tunnel t o  
determine the e f f e c t s  of s e v e r a l  empennage and af terbody parameters on the  a f  t-end 
aerodynamic c h a r a c t e r i s t i c s  of a twin-engine f igh te r - type  configurat ion.  Model vari-  
a b l e s  w e r e  as follows: h o r i z o n t a l  t a i l  a x i a l  location and incidence,  v e r t i c a l  t a i l  
a x i a l  l oca t ion  and conf igu ra t ion  (twin- versus s i n g l e - t a i l  arrangements),  t a i l  booms, 
and nozzle power s e t t i n g .  Tests w e r e  conducted over a Mach number range from 0.6 
to  1.2 and over an angle-of-attack range from - 2 O  t o  l oo .  Jet to t a l -p re s su re  r a t i o  
w a s  va r i ed  from j e t  o f f  t o  approximately 10.0. The r e s u l t s  of this i n v e s t i g a t i o n  
i n d i c a t e  the  following: 
1 .  T a i l  i n t e r f e r e n c e  e f f e c t s  w e r e  p re sen t  throughout the range of Mach numbers 
t e s t e d  and provided a s i g n i f i c a n t  percentage of to ta l  aft-end drag i n  the  t r a n s o n i c  
speed range. 
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2. Adverse t a i l  i n t e r f e r e n c e  e f f e c t s  on t h e  complete a f t  end w e r e  l a r g e r  on dry 
power conf igura t ions  than on a f t e rbu rn ing  nozzle  conf igura t ions .  
3. T a i l  i n t e r f e r e n c e  e f f e c t s  on t h e  nozzles  a lone w e r e  genera l ly  adverse,  and 
the  magnitude of these  e f f e c t s  u sua l ly  increased  as empennage su r faces  w e r e  moved 
c l o s e r  t o  t h e  nozzles.  
4. The e f f e c t s  of v e r t i c a l  t a i l  l oca t ion  on af t -end l i f t  and drag c h a r a c t e r i s -  
tics w e r e  gene ra l ly  m o r e  pronounced than the  e f f e c t s  of h o r i z o n t a l  t a i l  l oca t ion ,  bu t  
w e r e  u sua l ly  dependent on Mach number, angle  of a t t a c k ,  and conf igura t ion .  For exam- 
p l e ,  a t  l o w  angle  of a t t a c k ,  a f t  l oca t ion  of t he  twin v e r t i c a l  t a i l s  gene ra l ly  
r e s u l t e d  i n  t h e  h i g h e s t  aft-end drag f o r  t he  a f te rbody conf igura t ions  with dry power 
nozzles  and t a i l  booms o f f .  However, a t  high angles  of a t t a c k  (approximately 8'1, 
a f t  placement of the  v e r t i c a l  t a i l  o r  t a i l s  gene ra l ly  provided the  lowest aft-end 
drag f o r  a l l  conf igu ra t ions  t e s t e d .  
5. Addition of t a i l  booms increased  t o t a l  af t -end drag. Aft-end l i f t  w a s  a l s o  
increased by add i t ion  of t a i l  booms a t  angles  of a t t a c k  g r e a t e r  than zero. 
Langley Research Center 
Nat iona l  Aeronautics and Space Adminis t ra t ion 
Hampton, VA 23665 
December 28, 1982 
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TABLE I.- INDEX TO B A S I C  DATA 
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TABLE 11.- INDEX M CONFIGURATION COMPARISONS 
Figure 
ori z o n t a l  
t a i l  
l o c a t i o n  
Fwd 
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A f t  
FWd 
A f t  
Ver t i c a  1 
t a i l  and 
l o c a t i o n  
a i l  
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57 I 
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Off 
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i o r i z o n t a l  t a i l  inc idence  
r e r t i c a l  t a i l  planform 
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A f t  
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A f t  
Aft  
A f t  
A f t  
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Fwd 
Af t  
I 
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A f t  
A f t  
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1 
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Off 71 
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S i  ngle/f  wd 
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Of 
I 
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Twin/fwd 
Twin/af t 
On 
on 
on 
r a i l  boom presence  Off 
7s 145.57 
Off 
'S 145.57 
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trin/FS 136.6 
Off 
trin/FS 145.: 
23 
Sta. 
248.17 
Sta. 
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Sta. 
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132.31 
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( looking downstream 1 
Figure 1.- Arrangement of Langley 16-Foot Transonic Tunnel. Dimensions are i n  meters. 
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Figure 2.- Model sketches. (All dimensions are i n  c m  unless otherwise noted.) 
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Figure 2 .- Continued. 
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Figure 2 .- Continued. 
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Figure 2 .- Continued. 
( e )  Nozzle ex terna l  s ta t ic -pressure  instrumentation or ien ta t ion .  
Figure 2 .- Continued. 
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Figure 2 .- Continued. 
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(9 )  Empennage locat ions on afterbody with booms. 
Figure 2 .- Continued. 
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Figure 2 .- Continued. 
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Taper ratio. ............................................ .375 
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Figure 2.- Continued. 
Horizontal Tail Geometry 
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Figure 2 .- Continued. 
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SECTION E 4  SECTION F-F 
( a )  Model. and wing-tip support  system. 
Figure 3 .- Photographs of twin-engine t a i l  i n t e r f e rence  model. i n s t a l l e d  i n  
Langley 16-FOOt mansonic Tunnel. 

( c )  Single ver t ical  t a i l  configuration. 
Figure 3 .- Continued. 
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( d )  Win ver t ical  tail configurat ion w i t h  t a i l  baoms. 
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( e )  Dry power nozzles.  
Figure 3 .- Continued. 
1;-8 3-06 
/f) A/B nozzles. 
Figure 3 .- Concluded. 
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( a )  Booms off; dry power nozzle; twin v e r t i c a l  ta i l .  
Figure 4.- Normal area d i s t r ibu t ions  f o r  various model configurations.  
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( b )  Booms o f f ;  d r y  p o w e r  nozzle; ho r i zon ta l  t a i l .  
Figure 4 .- Continued. 
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Fiqure 4 .- Continued.  
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(f) Booms on; d r y  power nozzle;  twin v e r t i c a l  t a i l .  
Figure 4 .- Continued. 
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(9 )  moms on; d ry  p o w e r  nozzle;  h o r i z o n t a l  t a i l .  
Figure 4 .- Concluded. 
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F i g u r e  5.- Typical t u n n e l  free-stream parameter v a r i a t i o n s  wi th  Mach number. 
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Figure 6.- Basic l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a t  var ious Mach numbers 
f o r  twin-engine t a i l  i n t e r f e r e n c e  af terbody model with j e t  off  ( p  
d r y  p o w e r  nozz le s ,  booms o f f ,  and t a i l s  o f f .  
./pa = I.Q), 
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( a )  Horizontal t a i l s  forward; ver t ica l  t a i l s  forward; 6 = 0' .  
Figure 7 .- Basic longitudinal aerodynamic character is t ics  a t  various Mach numbers 
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€or twin-enqine t a i l  interference afterbody model with j e t  off (p ,/pm = 1.01, 
d r y  power nozz le s ,  booms of f ,  and t w i n  ver t ica l  t a i l s .  t P 1  
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(b) H o r i z o n t a l  t a i l s  forward;  v e r t i c a l  t a i l s  forward; 6 = - l o o .  
Figure  7 .- Continued.  
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( c )  H o r i z o n t a l  t a i l s  forward;  ver t ica l  t a i l s  mid; 6 = O o .  
F i g u r e  7 .- Continued.  
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( d )  Hor i zon ta l  t a i l s  forward; v e r t i c a l  t a i l s  a f t ;  6 = 0'. 
Figure  7 .- Continued. 
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(e) Horizonta l  t a i l s  forward; v e r t i c a l  t a i l s  a f t ;  6 = -10'. 
Figure 7 .- Continued. 
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(f) Horizontal t a i l s  mid; v e r t i c a l  t a i l s  forward; 6 = O O .  
Figure 7.- Continued. 
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(9)  Horizonta l  t a i l s  mid; v e r t i c a l  t a i l s  mid; 6 = O o .  
Figure 7 .- Continued. 
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(h) Hor izon ta l  t a i l  mid; v e r t i c a l  t a i l s  a f t ;  6 h = O O .  
Figure 7 .- Continued. 
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(i) Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l s  forward; 6 = OO. 
Figure 7.- Continued. 
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F igu re  7 .- Continued.  
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( k )  H o r i z o n t a l  t a i l s  a f t ;  v e r t i c a l  t a i l s  mid; 6 = 0'. 
F i g u r e  7 .- Cont inued .  
h 
M 
0 0.60 
.. ........ - _. _ . - ______ 
~ ... .................. ~ -. 
... 
0 1.20 _ _ -_ ___ 
.... 
.... ........ - . _ - .. -. 
- - . - - -. 
-. -. - ~_ 
._ .... - .. 
....... -. _ 
____ -___ 
cL 
~ .. -. . . . . . . .  . __ ... _ .- .- _ ._ . - -__ _ . - . 
.... . . . .  
. . . . .  _ . 
. . . . . . . . . . .  
-4 0 4 8 0 . 01 .02 .03 .08 .04 0 -. 04 7 0 8  712 7 16 
a, deg cD cm 
(1) Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l s  a f t ;  6, = O O .  
Figure 7 .- Continued. 
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(m) Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l s  a f t ;  6 = -50. 
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Figure 7 .- Continued. 
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( n )  Horizontal t a i l s  a f t ;  vertical  t a i l s  a f t ;  6, = -IOo. 
Figure 7.- Concluded. 
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( a )  Horizontal t a i l s  forward; v e r t i c a l  t a i l  forward; 6 = 0'. 
Figure 8 .- B a s i c  longi tudinal  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers h 
f o r  twin-engine t a i l  in te r fe rence  afterbody model with j e t  off (p ./pa = 1.01, 
dry p o w e r  nozzles,  booms o f f ,  and s ing le  v e r t i c a l  t a i l .  t , J  
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(b) Horizontal  t a i l s  forward; v e r t i c a l  t a i l  a f t ;  6 = O O .  
Figure 8.- Continued. 
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(c) Horizontal t a i l s  a f t ;  v e r t i c a l  t a i l  forward; 6h = O o .  
Figure 8 .- Continued. 
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( d )  Horizontal t a i l s  a f t ;  v e r t i c a l  t a i l  a f t ;  6 = O o .  
Figure 8 .- Concluded. 
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Figure 9.- Basic longi tudinal  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
f o r  twin-engine t a i l  in te r fe rence  afterbody model with j e t  off ( p  ./pm = l o o ) ,  
dry power nozzles,  booms on, and t a i l s  o f f .  t, 3 
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(a )  Horizontal t a i l s  forward on boom; v e r t i c a l  t a i l s  forward on boom; 6 h = 0'. 
Figure 10.- Basic longi tudinal  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
./pa = l . O ) ,  f o r  twin-engine t a i l  in te r fe rence  afterbody model with jet off  (p 
dry power nozzles,  booms on, and twin v e r t i c a l  tai ls .  t11 
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(b)  Horizontal t a i l s  forward on boom, v e r t i c a l  t a i l s  mid on boom; 6 = 00. 
Figure 10  .- Continued. 
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(c) Horizontal  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  forward on boom; 6 = O o .  
Figure 10  .- Continued. 
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(d) Horizontal  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  a f t  on boom; 6, = Oo. 
Figure 10 .- Continued. 
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( e )  Horizontal  t a i l s  a f t  on boom, v e r t i c a l  t a i l s  mid on fuselage;  S = O O .  
Figure 10 .- Concluded. 
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Figure 11.- Basic longi tudina l  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
fo r  twin-engine t a i l  in te r fe rence  afterbody model with j e t  off (pt,j/p, = l.O), 
dry p o w e r  nozzles,  booms on, hor izonta l  t a i l  forward on boom, s ing le  v e r t i c a l  t a i l  
a f t  on fuselage,  and 6 = Oo. h 
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Figure 12.- % s i c  longi tudinal  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
f o r  twin-engine t a i l  in te r fe rence  afterbody model with j e t  off  (p . /p = l.O), 
A/B nozzles,  booms o f f ,  and t a i l s  o f f .  t , l  
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( a )  Horizontal  t a i l s  forward: v e r t i c a l  t a i l s  forward: 6 = 0'. 
Figure 13.- Basic long i tud ina l  aerodynamic c h a r a c t e r i s t i c s  a t  var ious Mach numbers 
h 
f o r  twin-engine t a i l  i n t e r f e r e n c e  a f te rbody model wi th  j e t  off (p  t,j/P, = I * O ) ,  
A/B nozzles ,  booms o f f ,  and twin v e r t i c a l  ta i ls .  
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(b) Horizontal  t a i l s  forward; v e r t i c a l  t a i l s  a f t ;  6 = O O .  
Figure 1 3 .- Continued. 
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(c) Horizonta l  t a i l s  a f t ;  v e r t i c a l  t a i l s  forward;  6 = OO. 
Figure 1 3  .- Continued. 
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( d )  m r i z o n t a l  ta i ls  a f t ;  v e r t i c a l  t a i l s  a f t ;  6, = O o .  
Figure 1 3 .- Concluded . 
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( a )  Horizontal t a i l s  a f t :  v e r t i c a l  t a i l  forward; 6 = O O .  h 
Figure 14.- B a s i c  longi tudina l  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
,/p, = l.O), f o r  twin-engine t a i l  in te r fe redce  afterbody model with j e t  off (p 
A/B nozzles,  booms o f f ,  and s ing le  v e r t i c a l  tail. t, 3 
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(b) Horizontal t a i l s  a f t ;  ver t ical  t a i l  a f t ;  6, = O O .  
Figure 14 .- Concluded. 
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Figure  15.- Basic  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
f o r  twin-engine t a i l  i n t e r f e r e n c e  a f t e r b o d y  model w i t h  j e t  o f f  ( p  . /p  = 1.01, 
A/B nozzles, booms on, and t a i l s  o f f .  t , 3  
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( a )  Horizontal  ta i ls  forward on boom; v e r t i c a l  t a i l s  forward on boom, 6 = OO. h 
Figure 16 .- B a s i c  longi tudina l  aerodynamic c h a r a c t e r i s t i c s  a t  various Mach numbers 
./pa = 1 .O) I f o r  twin-engine t a i l  i n t e r f e rence  afterbody model with j e t  off  (p 
A/B nozzles,  booms on, and twin v e r t i c a l  tai ls .  t I 3  
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(b )  Horizontal  t a i l s  forward on boom; v e r t i c a l  t a i l s  mid on boom; 6 = O O .  
h 
Figure 16.- Continued. 
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(c) H o r i z o n t a l  t a i l s  a f t  on boom; ver t ical  t a i l s  forward on boom; 6 = O o .  
Figure  16.- Cont inued.  
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( d )  Horizontal  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  a f t  on boom; 6 = OO. 
Figure  16.- Concluded. 
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Figure 17.- Variat ion of t o t a l  measured afterbody drag c o e f f i c i e n t  with j e t  
to ta l -pressure  r a t i o  f o r  various Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence af terbody model with dry p o w e r  nozzles,  booms o f f ,  and t a i l s  off.  
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(a )  Hor izonta l  t a i l s  forward; v e r t i c a l  t a i l s  forward; 6 = Oo. 
Figure  18.- Var i a t ion  of t o t a l  measured a f te rbody drag  c o e f f i c i e n t  wi th  j e t  
to t a l -p re s su re  r a t i o  f o r  var ious  Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence a f te rbody model wi th  dry power nozz les ,  booms o f f ,  and twin ver t ical  
t a i  Is. 
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(b) Hor izon ta l  t a i l s  forward; v e r t i c a l  t a i l s  forward; 6 = -loo. 
Figure 18.- Continued. 
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Figure 1 8 .- Continued. 
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( d )  Hor izonta l  t a i l s  forward; v e r t i c a l  t a i l s  a f t ;  6h = o o .  
Figure 18 .- Continued. 
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(e) Horizontal tails forward; vertical t a i l s  a f t :  6 = - l o 0 .  
Figure 7 8 Continued. 
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( f )  Hor izonta l  t a i l s  mid; v e r t i c a l  t a i l s  forward; 6 = O o .  
Figure 18.- Continued. 
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(9) Horizonta l  t a i l s  mid; v e r t i c a l  t a i l s  mid; 6 = O o .  
Figure 18 .- Continued. 
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(h) Horizonta l  t a i l s  mid; v e r t i c a l  t a i l s  a f t ;  6 = Oo. 
Figure 18.- Continued. 
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(i)  Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l s  forward; 6 = Oo. 
Figure 18 .- Continued. 
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(j) Horizontal  t a i l s  a f t ;  v e r t i c a l  tai ls  forward; 6 = -IOo. 
Figure 18 .- Continued. h 
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( k )  Hor izonta l  t a i l s  a f t ;  v e r t i c a l  t a i l s  mid; 6 = Oo. 
Figure 18 .- Continued. h 
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(1) Horizontal  ta i ls  a f t ;  v e r t i c a l  t a i l s  a f t ;  6 = 0'. 
Figure 1 8  .- Continued. 
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(m) Horizonta l  t a i l s  a f t ;  v e r t i c a l  t a i l s  a f t ;  6 = -50. 
Figure 18 .- Continued. h 
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(n) Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l s  a f t ;  6 = - l o 0 .  
Figure 1 8 .- Concluded . 
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Figure 19.- Var i a t ion  of t o t a l  measured a f te rbody drag  c o e f f i c i e n t  wi th  j e t  
to t a l -p re s su re  r a t i o  f o r  var ious  Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence a f te rbody model w i t h  d r y  power nozz les ,  booms o f f ,  and s i n g l e  v e r t i c a l  
t a i  1. 
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(b) Horizontal  t a i l s  forward; ver t ical  t a i l  a f t ;  6 = O o .  
Figure 19.- Continued. 
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(c) Horizontal  t a i l s  a f t ;  v e r t i c a l  t a i l  forward; 6 = Oo. 
Figure 19.- Continued. 
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Figure 1 9 .- Concluded. 
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Figure 20.- Variat ion of t o t a l  measured afterbody drag c o e f f i c i e n t  with j e t  
to ta l -pressure  r a t i o  €or var ious Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence af terbody model with dry power nozzles,  booms on, and t a i l s  o f f .  
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( a )  Horizontal  t a i l s  forward on boom; v e r t i c a l  t a i l s  forward on boom; 6 = Oo. 
Figure 21.- Variat ion of t o t a l  measured af terbody drag c o e f f i c i e n t  with j e t  
to ta l -pressure  r a t i o  f o r  various Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence af terbody model with dry power nozzles,  booms on, and twin v e r t i c a l  
ta i ls .  
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( b )  Hor izonta l  t a i l s  forward on boom; v e r t i c a l  t a i l s  mid on boom; 6 = O o .  
Figure 21 .- Continued. 
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( c )  Hor izonta l  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  forward on boom; 6 = Oo. 
Figure 21 .- Continued. 
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( d )  Hor izonta l  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  a f t  on boom; 6 = Oo. 
Figure 21 .- Continued. 
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F i g u r e  21 .- Concluded. 
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Figure 22 .- Variat ion of t o t a l  measured 
afterbody drag c o e f f i c i e n t  with j e t  t o t a l -  
pressure r a t i o  f o r  various Mach numbers 
f o r  twin-engine t a i l  i n t e r f e rence  afterbody 
model with dry power nozzles,  booms on, 
ho r i zon ta l  t a i l s  forward on b o o m ,  s i n g l e  
v e r t i c a l  t a i l  a f t  on fuselage,  and 6 = O o .  h 
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Fiqure 23.- Variat ion of t o t a l  measured af terbody drag c o e f f i c i e n t  with j e t  
to ta l -pressure  r a t i o  f o r  various Mach numbers f o r  twin-engine t a i l  i n t e r f e r -  
ence af terbody model with A/B nozzles,  booms o f f ,  and t a i l s  o f f .  
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( a )  Horizontal  t a i l s  forward; v e r t i c a l  t a i l s  forward; 6 = O o .  
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Figure 24.- Var i a t ion  of t o t a l  measured a f te rhody drag c o e f f i c i e n t  with j e t  
to t a l -p re s su re  r a t i o  f o r  var ious  Ma.ch numbers €or twin-engine t a i  1 i n t e r f  er- 
ence a f te rbody model with A/R nozz les ,  booms o f f ,  and twin v e r t i c a l  t a i l s .  
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(b) Horizonta l  t a i l s  forward; v e r t i c a l  t a i l s  a f t ;  6 = O o .  
Figure 24 .- Continued. 
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( c )  Hor izonta l  t a i l s  a f t ;  v e r t i c a l  t a i l s  forward; 6 = Oo. 
Figure 24 .- Continued. 
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Figure 24.- Concluded. 
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Figure 25.- Variat ion of t o t a l  measured afterbody drag c o e f f i c i e n t  with j e t  t o t a l -  
pressure r a t i o  f o r  various Mach numbers f o r  twin-engine t a i l  i n t e r f e rence  a f t e r -  
body model with A/B nozzles,  booms o f f ,  and s i n g l e  v e r t i c a l  t a i l .  
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( b )  H o r i z o n t a l  t a i l s  a f t ;  v e r t i c a l  t a i l  a f t ;  6 = O o .  
Figure  25.- Concluded. 
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Figure 26.- Variation of t o t a l  measured afterbody drag coefficient with j e t  total-  
pressure r a t io  for various Mach numbers for twin-engine t a i l  interference af ter-  
body model with A/B nozzles, booms on, and t a i l s  off .  
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(a) Horizontal  t a i l s  forward on boom; v e r t i c a l  t a i l s  forward on boom; Eih = Oo. 
Figure 27.- Variat ion of t o t a l  measured afterbody drag c o e f f i c i e n t  with j e t  to ta l -  
pressure  r a t io  f o r  var ious Mach numbers f o r  twin-engine t a i l  i n t e r f e rence  a f t e r -  
body model with A/€! nozzles,  booms on, and twin v e r t i c a l  t a i l s .  
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(b) Horizontal  t a i l s  forward on boom; v e r t i c a l  t a i l s  mid on boom; 6 = O o .  
Figure 27 .- Continued. 
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( c )  Horizontal  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  forward on boom; 6 = O O .  
F i g u r e  27 .- Continued. 
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(d) H o r i z o n t a l  t a i l s  a f t  on boom; v e r t i c a l  t a i l s  a f t  on boom; 6 = Oo. 
Figure  27.- Concluded. 
h 
126 
0 
0 
0 
A 
n 
D, 
1.00 
1.50 
1.99 
3.02 
4.00 
8.02 
C 
P 
. _ t  
.94 .% .98 1.0 
XI 1 
.94 .96 .98 1.0 
X / l  
(a) M = 0.6; a = 0 . 1 O .  nom 
Figure 28.- Ef fec t  of j e t  to ta l -pressure  ra t io  on nozzle pressure d i s t r i b u t i o n  
with dry p o w e r  nozzles,  booms off, and t a i l s  o f f .  
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Figure 28 .- Continued. 
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Figure 28 .- Concluded. 
129 
. 4  
.2 
0 
-.2 
-. 4 
0 
0 
0 
A 
n 
rl 
1.00 
1.50 
2.00 
3.00 
4.00 
7.99 
C P 
-. ‘4 
.94 .96 .9a 1.0 f94 .96 .98 1.0 
Xll 
( a )  M = 0.6; a = 0.20. 
nom 
Figure 29.- Ef fec t  of j e t  to ta l -pressure  r a t i o  on nozzle pressure  d i s t r i b u t i o n s  w i t h  
d ry  p o w e r  nozzles,  booms o f f ,  ho r i zon ta l  t a i l s  a f t ,  and and twin v e r t i c a l  t a i l s  
forward. 
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Figure 29 .- Continued. 
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F i g u r e  29 .- Concluded 
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Figure 30.- Effec t  of j e t  to ta l -pressure  r a t i o  on nozzle pressure  d i s t r i b u t i o n s  with 
A/B nozzles,  booms o f f ,  and t a i l s  o f f .  
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Figure 30 .- Continued. 
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Figure 30 .- Concluded 
135 
Pt, j/P- 
0 1.00 
1.51 
C 
P 
. 4  
. 2  
0 
-. 2 
-. 4 
. 4  
.2  
0 
-.2 
- .4  
0 2.01 
A 3.01 
h 3.99 
il 7.20 
.94 .96 .98 1.0 .94 .96 .98 1.0 
XI1 x / l  
( a )  M = 0.6; a = 0 . l 0 .  
nom 
Figure 31.- Ef fec t  of j e t  to ta l -pressure  r a t i o  on nozzle pressure  d i s t r i b u t i o n s  with 
A/B nozzles,  booms o f f ,  hor izonta l  t a i l s  a f t ,  and twin v e r t i c a l  t a i l s  forward. 
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F i g u r e  31 .- Continued. 
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Figure 31 .- Concluded. 
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Figure 32.- Effec t s  of afterbody angle of a t t ack  on nozzle pressure d i s t r i b u t i o n s  
w i t h  dry power nozzles,  booms off, and t a i l s  o f f .  
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F i g u r e  32.- Continued. 
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Figure 33.- Effec ts  of afterbody angle of a t t ack  on nozzle pressure  
d i s t r i b u t i o n s  with dry power nozzles,  booms o f f ,  ho r i zon ta l  t a i l s  
a f t ,  and t w i n  v e r t i c a l  t a i l s  forward. 
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Figure 3 3 .- Conc luded . 
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Figure 34.- Typical jet total-pressure ratios for a turbofan engine. 
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Figure 35.- Effect of twin v e r t i c a l  t a i l  loca t ion  on v a r i a t i o n  of afterbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with dry power nozzles,  booms o f f ,  and hor izonta l  t a i l s  forward. 
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(b)  Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.10 .  
Figure 35.- Concluded. 
nom 
150 
.04 
.03 
.02 
. 01 
0 
Vertical 
Fwd 
Mid 
-e- Aft 
_ _ _ - - - -  
cD 
. 6  .8 1.0 1.2 
M 
. 12 
.08 
.04 
0 
-. 04 
cL 
.12 
.08 
.04 
0 
-.04 
. 6  .8 1.0 1.2 
M 
( a )  W t a l  aft-end l i f t  and drag c o e f f i c i e n t .  
Figure 36.- Effec t  of twin v e r t i c a l  t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  ratios 
with dry p o w e r  nozzles,  booms o f f ,  and ho r i zon ta l  t a i l s  mid. 
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(b)  Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.1O. 
Figure 36 .- Concluded. 
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Figure 37.- Effec ts  of twin v e r t i c a l  t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with dry power nozzles,  booms o f f ,  and hor izonta l  t a i l s  a f t .  
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Figure 37.- Concluded. 
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Figure 38.- Summary of e f f ec t s  of twin v e r t i c a l  t a i l  locat ion on t o t a l  aft-end drag cha rac t e r i s t i c s  
a t  scheduled j e t  total-pressure r a t i o s  with dry power nozzles and booms of f .  
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( a )  Total aft-end l i f t  and drag coeff ic ient .  
Figure 39.- Effects of twin ve r t i ca l  t a i l  location on var ia t ion of afterbody 
charac te r i s t ics  with Mach number for  scheduled j e t  total-pressure ra t ios  
with dry power nozzles, booms on, and horizontal t a i l s  forward. 
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(b) Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
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Figure 39.- Concluded. 
nom 
157 
.04 
.03 
.02 
.Ol 
0 
cD 
.04 
.03 
.02 
.Ol 
0 
Ve rt i ca I 
Fwd 
--- Aft 
. 12 
.08 
.04 
0 
-. 04 
cL 
.12 
.08 
.04 
0 
-. 04 
.6 .8 1.0 1.2 .6 . 8  1.0 1.2 
M M 
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Figure 40.- Ef fec ts  of twin v e r t i c a l  t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with dry power nozzles,  booms on, and hor izonta l  t a i l s  a f t .  
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(b )  Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.10. 
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Figure 41.- Summary of e f f e c t s  of t w i n  v e r t i c a l  t a i l  loca t ion  on t o t a l  aft-end drag c h a r a c t e r i s t i c s  a t  
scheduled j e t  total-pressure r a t i o s  with dry power nozzles and booms on. 
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( a )  Total aft-end l i f t  and drag coefficient.  
Figure 42.- Effects of twin ve r t i ca l  t a i l  location on variation of afterbody 
charac te r i s t ics  with Mach number for  scheduled j e t  total-pressure r a t io s  
with A/B nozzles, booms off ,  and horizontal t a i l s  forward. 
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Figure 42.- Concluded. 
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( a )  Total aft-end l i f t  and drag coeff ic ient .  
Figure 43.- Effects of twin ve r t i ca l  t a i l  location on variation of afterbody 
charac te r i s t ics  with Mach number for  scheduled j e t  total-pressure r a t io s  
with A/B nozzles, booms of f ,  and horizontal t a i l s  a f t .  
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( b )  Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.10. 
Figure 43 .- Concluded. nom 
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Figure 44.- Summary of e f f e c t s  of tw in  v e r t i c a l  t a i l  locat ion on t o t a l  aft-end drag cha rac t e r i s t i c s  a t  
scheduled j e t  total-pressure r a t i o s  with A/B nozzles and booms of f .  
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Figure 45.- Effec ts  of twin Vertical t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  w i t h  Mach number for scheduled j e t  to ta l -pressure  r a t i o s  
with A/B nozzles, booms on, and ho r i zon ta l  t a i l s  forward. 
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(b) Aft-end drag-coefficient components and tail interference drag- 
coefficient increments for a = O.lO. 
Figure 45 .- Concluded. nom 
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Figure 46.- Ef fec ts  of twin v e r t i c a l  t a i l  l oca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with A/B nozzles,  booms on, and hor izonta l  t a i l s  a f t .  
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(b)  Aft-end drag-coef f ic ient  components and t a i l  interference  drag- 
c o e f f i c i e n t  increments for a = 0 . 1 0 .  
Figure 46 .- Concluded . 
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Figure 47.- Summary of e f f e c t s  of twin v e r t i c a l  t a i l  loca t ion  on t o t a l  aft-end drag c h a r a c t e r i s t i c s  
a t  scheduled j e t  total-pressure r a t i o s  with A/B nozzles and booms on. 
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Figure 48.- Effec ts  of twin v e r t i c a l  t a i l  lateral  loca t ion  on va r i a t ion  of a f te rbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  with dry 
power nozzles,  booms on, and ho r i zon ta l  t a i l s  a f t .  V e r t i c a l  t a i l s  a t  FS 136.68. 
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(b) Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.10. 
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Figure 49.- Effec ts  of s i n g l e  v e r t i c a l  t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  w i t h  
dry power nozzles,  booms o f f ,  and hor izonta l  t a i l s  forward. 
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( b )  Aft-end d r a g - c o e f f i c i e n t  components and t a i l  i n t e r f e r e n c e  drag-  
c o e f f i c i e n t  increments  for  a = 0.10. 
F igure  49.- Concluded. 
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( a )  Total aft-end l i f t  and drag c o e f f i c i e n t .  
Figure 50 .- Effec ts  of s i n g l e  v e r t i c a l  t a i l  loca t ion  on va r i a t ion  of af  terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  with 
dry power nozzles,  booms o f f ,  and hor izonta l  t a i l s  a f t .  
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(b) Aft-end d r a g - c o e f f i c i e n t  components and t a i l  i n t e r f e r e n c e  drag-  
c o e f f i c i e n t  increments  for  a = 0 . 1 O .  
Figure  50.- Concluded. 
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Figure 51.- Summary of e f f ec t s  of s ing le  v e r t i c a l  t a i l  locat ion on t o t a l  aft-end drag cha rac t e r i s t i c s  
a t  scheduled j e t  total-pressure r a t i o s  with dry power nozzles and booms off .  
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( a )  Total aft-end lift and drag coefficient.  
Figure 52.- Effects of single ver t ica l  t a i l  location on variation of afterbody 
character is t ics  w i t h  Mach number for  scheduled j e t  total-pressure ra t ios  w i t h  
A/B nozzles, booms off,  and horizontal t a i l s  a f t .  
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(b) Aft-end drag-coef f ic ien t  components and t a i l  i n t e r f e rence  drag- 
c o e f f i c i e n t  increments . for  a = 0.10. 
Figure 52.- Concluded. 
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( a )  Total  aft-end l i f t  and drag c o e f f i c i e n t .  
Figure 53.- Effec ts  of hor izonta l  t a i l  locat ion on va r i a t ion  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with dry power nozzles ,  booms o f f ,  and twin v e r t i c a l  t a i l s  forward. 
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(b )  Aft-end d r a g - c o e f f i c i e n t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments  €or a = 0.10. 
F igure  53.- Concluded. 
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( a )  mta l  aft-end l i f t  and drag  c o e f f i c i e n t .  
Figure 54.- Effec t s  of h o r i z o n t a l  t a i l  l oca t ion  on v a r i a t i o n  of a f t e rbody  
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to t a l -p re s su re  r a t i o s  
with dry power nozzles ,  booms off, and twin v e r t i c a l  t a i l s  mid. 
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( b )  Aft-end drag-coeff ic ient  components and t a i l  interference drag- 
c o e f f i c i e n t  increments for a = 0.10. nom 
Figure 54.- Concluded. 
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( a )  Total  aft-end l i f t  and drag c o e f f i c i e n t .  
Figure 55.- Effects  of ho r i zon ta l  t a i l  loca t ion  on v a r i a t i o n  of af terbody 
c h a r a c t e r i s t i c s  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s  
with dry power nozzles,  booms o f f ,  and t w i n  v e r t i c a l  t a i l s  a f t .  
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( b )  Aft-end d r a g - c o e f f i c i e n t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments  for  a = 0.10. nom 
Figure  55.- Concluded. 
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Figure 56.- Summary of e f f e c t s  of hor izonta l  tail loca t ion  on t o t a l  aft-end drag 
c h a r a c t e r i s t i c s  a t  scheduled j e t  total-pressure r a t i o s  with dry power nozzles,  
booms o f f ,  and twin v e r t i c a l  ta i ls .  
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(a )  Total aft-end l i f t  and drag coefficient.  
Figure 57.- Effects of horizontal t a i l  location on variation of afterbody 
characteristics with Mach number for scheduled jet total-pressure ratios 
with dry power nozzles, booms on, and twin vertical t a i l s  forward. 
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(b) Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = O.lO. 
Figure 57.- Concluded. 
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Figure 58.- Ef fec ts  of hor izonta l  t a i l  loca t ion  on va r i a t ion  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
r a t i o s  with A/B nozzles, booms o f f ,  and twin v e r t i c a l  t a i l s  forward. 
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Figure 59.- Effects  of hor izonta l  t a i l  loca t ion  on v a r i a t i o n  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
r a t i o s  with A/B nozzles,  booms o f f ,  and twin v e r t i c a l  t a i l s  a f t .  
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Figure 60.- E f fec t s  of ho r i zon ta l  t a i  
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loca t ion  on v a r i a t i o n  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
ra t ios  with A/B nozzles,  booms on, and twin v e r t i c a l  t a i l s  forward. 
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Figure 61.- Effects of ho r i zon ta l  t a i l  loca t ion  on v a r i a t i o n  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
r a t i o s  with dry power nozzles,  booms off, and s i n g l e  v e r t i c a l  t a i l  forward. 
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Figure 62.- Ef fec ts  of hor izonta l  t a i l  loca t ion  on va r i a t ion  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled je t  to ta l -pressure  
r a t i o s  with dry power nozzles, booms o f f ,  and s i n g l e  v e r t i c a l  t a i l  a f t .  
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Figure 63.- Summary of e f f e c t s  of hor izonta l  t a i l  loca t ion  on t o t a l  aft-end drag c h a r a c t e r i s t i c s  a t  
scheduled j e t  total-pressure r a t i o s  with d ry  power nozzles, booms off ,  and s i n g l e  v e r t i c a l  ta i l .  
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( a )  Horizontal  t a i l s  forward; v e r t i c a l  ta i ls  forward. 
Figure 64 .- Effec ts  of ho r i zon ta l  t a i l  incidence on v a r i a t i o n  of t o t a l  af  t-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
ratios with dry power nozzles,  booms o f f ,  and twin v e r t i c a l  ta i ls .  
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(b) Horizontal t a i l s  aft; ver t i ca l  t a i l s  a f t .  
Figure 64.- Concluded. 
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( a )  Total aft-end l i f t  and drag coeff ic ient .  
Figure 65.- Effects of ve r t i ca l  t a i l  planform on var ia t ion of afterbody 
charac te r i s t ics  with Mach number for  scheduled j e t  total-pressure r a t io s  
with dry power nozzles, booms off ,  horizontal  t a i l s  forward, and v e r t i c a l  
t a i l s  forward. 
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(b) Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments for  a = 0.10. 
Figure 65.- Concluded. 
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Figure 66.- Effects of ve r t i ca l  t a i l  planform on var ia t ion of t o t a l  aft-end 
drag and lift coeff ic ient  with Mach number for  scheduled j e t  total-pressure 
r a t io s  with dry power nozzles, booms off ,  horizontal  t a i l s  forward, and 
ve r t i ca l  t a i l s  a f t .  
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Figure 67.- Ef fec ts  of v e r t i c a l  t a i l  planform on v a r i a t i o n  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
r a t i o s  with dry power nozzles,  booms o f f ,  ho r i zon ta l  t a i l s  a f t ,  and v e r t i c a l  
t a i l s  forward. 
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(a )  Tbtal aft-end l i f t  and drag coefficient.  
Figure 68.- Effects of vertical t a i l  planform on variation of afterbody 
characteristics with Mach number for scheduled j e t  total-pressure ratios 
with dry power nozzles, booms of f ,  horizontal t a i l s  a f t ,  and vertical 
t a i l s  a f t .  
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( b )  Aft-end d rag -coe f f i c i en t  components and t a i l  i n t e r f e r e n c e  drag- 
c o e f f i c i e n t  increments f o r  a = 0.10. 
Figure 68 .- Concluded . nom 
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Figure  69.- Effects of ver t i ca l  t a i l  planform on variation of t o t a l  aft-end 
drag and l i f t  coe f f i c i ent  with Mach number for scheduled je t  total-pressure 
ra t ios  with dry power nozzles,  b o o m s  on, horizontal t a i l s  a f t ,  and ver t i ca l  
t a i l s  a f t .  
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Figure  70.- Mfects  of ve r t i ca l  t a i l  planform on var ia t ion of t o t a l  aft-end 
drag and l i f t  coeff ic ient  with Mach number for  scheduled j e t  total-pressure 
r a t io s  with A/B nozzles, booms off ,  horizontal t a i l s  a f t ,  and ver t ica l  t a i l s  
forward. 
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Figure 71.- Ef fec ts  of v e r t i c a l  t a i l  planform on v a r i a t i o n  of t o t a l  aft-end 
drag and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  
r a t i o s  with A/B nozzles,  booms off, hor izonta l  t a i l s  a f t ,  and v e r t i c a l  t a i l s  
a f t .  
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Figure 72.- Effects  of nozzle power s e t t i n g  on v a r i a t i o n  of t o t a l  aft-end drag  
and l i f t  c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s .  
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(b) Booms on; t a i l s  off. 
Figure 72.- Continued. 
207 
Nozzle power 
Setting 
D rY 
A/ B __- - - - -  
.12 
.08 
.04 
0 
-. 04 
cD cL 
.04 
.03 
.02 
. 01 
n 
.12 
.08 
.04 
0 
-. 04 " 
.6 .8 1.0 1.2 .6 .8 1.0 1.2 
M M 
(c) Booms o f f ;  h o r i z o n t a l  t a i l s  forward; twin v e r t i c a l  t a i l s  forward. 
Figure 72.- Continued. 
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(d) Booms off ;  h o r i z o n t a l  t a i l s  forward; twin v e r t i c a l  t a i l s  a f t .  
F igure  72.- Continued. 
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(e)  Booms off; h o r i z o n t a l  t a i l s  aft ;  twin ver t ical  ta i ls  forward.  
F i g u r e  72.- Continued. 
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(f) moms off; horizontal t a i l s  a f t ;  twin vertical tails a f t .  
Figure 72 .- Continued. 
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(9) Booms off; h o r i z o n t a l  t a i l s  a f t ;  s i n g l e  v e r t i c a l  t a i l  forward. 
Figure 72.- Continued. 
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( h )  Booms o f f ;  h o r i z o n t a l  t a i l s  a f t ;  s i n g l e  v e r t i c a l  t a i l  a f t .  
Figure 72.- Continued. 
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(i)  Booms on; h o r i z o n t a l  ta i ls  forwar(-. twin v e r t i c a l  t a i l s  forward. 
Figure 72.- Continued. 
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(j) Booms on; h o r i z o n t a l  t a i l s  a f t ;  twin v e r t i c a l  t a i l s  forward. 
Figure 7 2  .- Continued. 
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(k) Booms on; h o r i z o n t a l  t a i l s  a f t ;  twin v e r t i c a l  t a i l s  a f t .  
Figure 72.- Concluded. 
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( a )  Dry power nozzles; t a i l s  o f f .  
Figure 73.- Ef fec ts  of t a i l  booms on va r i a t ion  of t o t a l  aft-end drag and l i f t  
c o e f f i c i e n t  with Mach number f o r  scheduled j e t  to ta l -pressure  r a t i o s .  
21 7 
.04 
.03 
.02 
.OI 
0 
.04 
.03 
.02 
.01 
n - 
.6 .8 1.0 1.2 
Tai I 
'Booms 
Off 
. On - - - - -  
. I 2  
.08 
.04 
0 
-.04 
. 12 
.08 
.04 
0 
-. 04 
.6 .8 1.0 1.2 
M M 
(b)  Dry power nozzles;  hor izonta l  t a i l s  a t  FS 145.57; twin v e r t i c a l  
t a i l s  a t  FS 136.68. 
Figure 73 .- Continued . 
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(c) A/B nozzles;  tails off .  
F i g u r e  73.- Continued. 
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( d )  A/B nozzles;  h o r i z o n t a l  t a i l s  a t  FS 145.57; twin v e r t i c a l  
ta i ls  a t  FS 145.57. 
F igure  73.- Concluded. 
1.2 
*U.S. GOVERNMENT PRINTING OFFICE: 19 8 3 - 6 39 - 0 0 B 8 REGION NO. 4 
220 
2. Government Accession No. 
- I 1. Report No. NASA TP-2116 
4. Title and Subtitle 
EFFECT O F  EMPENNAGE LOCATION ON TWIN-ENGINE AFTERBODY/ 
NOZZLE AERODYNAMIC CHARACTERISTICS AT MACH NUMBERS 
FROM 0.6 TO 1.2 
7. Author(s1 
Laurence D. L e a v i t t  
20. Security Classif. (of this page) 
Unclass i f ied  I 9. Security Classif. (of this report) u n c l a s s i f i e d  
- 
9. Performing Organization Name and Address 
NASA Langley Research Center 
Hampton, VA 23665 
- 
21. No. of Pages 22. Price 
222 I AI0 
~~ 
12. Sponsoring Agency Name and Address 
Nat iona l  Aeronautics and Space Adminis t ra t ion 
Washington, DC 20546 _. 
15. Supplementary Notes 
- 
3. Recipient's Catalog No. 
5. Report Date 
May 1983 
6. Performing Organization Code 
505-43-23-01 
--- 
8. Performing Organization Report No. 
L-I 5527 
10. Work Unit No. 
11. Contract or Grant No. 
~~ 
13. Type of Report and Period Covered 
Technical  Paper 
14. Sponsoring Agency Code 
An i n v e s t i g a t i o n  has  been conducted i n  t h e  Langley 16-Foot Transonic  Tunnel t o  
determine t h e  e f f e c t s  of s e v e r a l  empennage and a f t e rbody  parameters  on t h e  a f t -end  
aerodynamic c h a r a c t e r i s t i c s  of a twin-engine f igh te r - type  conf igu ra t ion .  Model 
v a r i a b l e s  w e r e  as fol lows:  h o r i z o n t a l  t a i l  a x i a l  l o c a t i o n  and inc idence ,  v e r t i c a l  
t a i l  ax ia l  l o c a t i o n  and conf igu ra t ion  ( twin-  versus  s i n g l e - t a i l  arrangements) ,  t a i l  
booms, and nozzle  power s e t t i n g .  Tests w e r e  conducted over  a Mach number range fron 
0.6 t o  1.2 and over  an  angle-of-at tack range from - 2 O  t o  I O 0 .  J e t  t o t a l - p r e s s u r e  
r a t i o  w a s  va r i ed  from j e t  o f f  t o  approximately 10.0. 
7. Key Words (Suggested by Authoris)) 
T a i l  i n t e r f e r e n c e  
Empennage l o c a t i o n  
Twin engine 
Af terbody d rag  
~~ - . .  
18. Distribution Statement 
Unclas s i f i ed  - Unlimited 
I 
National Aeronautics and SPECIAL FOURTH CLASS MAIL Postayt! and F e s  Paid 
Space Administration 
Washington, D.C. 
20546 
Official Business 
Penalty for Private Use, $300 
BOOK Mrrtional Aeronsutics and 
Space Administration 
NASA451 
u 
4 1 I U , A ,  830330 500903DS 
DEP'L' OF TrfE A I R  FORCE 
A F  liJE4PONS L A B O R A T O R Y  
A'L-I'i\J: L ' E C r l N I C A L  L I S A A R Y  (SUL) 
KIHTLA. '4L)  A F B  N,4 8 7  1 1  7 
I 
POSTMASTER: If Undeliverable (Section 158  
Postal Manual) Do Not Return 
